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SOME NOTES ON THE ROLE OF RESEARCH IN THE 
DEVELOPMENT OF THE MODERN TREAT- 
MENT OF EXOPHTHALMIC GOITER* 


Presidential Address, American Goiter Association 


SAMUEL F. HAINES, M.D. 


From the Division of Medicine, Mayo Clinic, Rochester, Minnesota 


HE title of this paper might imply that the writer is aware of a single 

method of treatment of exophtha'mic goiter that supersedes all other 
treatments at the present time. This is not the fact. In this paper it is my 
intention to review a few of the events which, in the present era, have led 
to the establishment of a variety of treatments, any one of which may be 
justified to a greater or lesser degree, depending on the characteristics of 
the disease and of the patient who is host to the disease. 

Gregg (1) has stated that modern treatment is a confluence of science 
and empiricism. This is notably true in the case of treatment of thyroid 
disease. Conant (2), in a splendid essay, ‘“The Interrelation of Pure and 
Applied Science in the Field of Medicine,” tells us that in medicine we 
have gone through a long period of relative empiricism, and many brilliant 
advances have resulted from it. In comparatively recent years science has 
played an increasing part in advancing medical knowledge, but empiricism 
continues to play its important role, sometimes independently and some- 
times in collaboration with science. Means (8), in addressing this associa- 
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tion in 1947, commented on the fact that ‘the number of different disci- 
plines brought to bear on the thyroid is steadily increasing.’ Concomitantly 
there has been a gradual change in the treatment of Graves’ disease, and 
the new knowledge which has resulted in these changes often has come 
from men who were not primarily concerned with the study of the thyroid. 

I should like to begin the first part of this story in the early 1920’s, 
before H. S. Plummer had established the value of the therapeutic use of 
iodine in exophthalmic goiter. At that time many types of treatment were 
being advised by different physicians. Rest, psychotherapy, serum from 
thyroidectomized goats, avoidance of any treatment other than main- 
taining good nutrition and good hygiene—these and many more were 
strongly defended by their various proponents. Roentgen-ray treatment 
received more critical consideration than most of the other treatments 
named and was, indeed, the one method of treatment which was well 
enough supported to be considered a competitor of surgical treatment. 
Surgery, largely because of the meticulous development of excellent tech- 
nical methods by such men as C. H. Mayo, Crile, Pemberton, Lahey and 
many others, was by far the most popular and effective method of treat- 
ment of exophthalmic goiter. But even in skilled hands, many patients 
underwent several surgical procedures before they were relieved of their 
symptoms. The extensive and perspicacious clinical observations of H. S. 
Plummer, aided by the chemical investigations of Kendall, the pathologic 
studies and correlations of Wilson and of MacCarty, and painstaking 
studies of respiration metabolism by Boothby, led Plummer (4) in 1921 
to administer Lugol’s solution to patients with exophthalmic goiter. The 
resultant decrease in the surgical mortality rate and in the number of 
procedures needed to control the disease entrenched surgical treatment 
more thoroughly in the preferred position among methods of treatment of 
Graves’ disease. 

In the years that followed soon after this, other advances made surgical 
treatment still more safe and its occasional complications less serious. 
Notable among these advances was the discovery by Hansen and by 
Collip (5) of parathyroid hormone. The introduction by Holtz (6) of di- 
hydrotachysterol in the treatment of parathyroid insufficiency was fol- 
lowed by its prompt adoption in this country by Arnold and Blum (7). 
The brilliant work of King in devising his operation for treatment of bi- 
lateral vocal cord paralysis dispelled at least some of the fear of that 
distressing condition. Development by Barach, Boothby and others of 
suitable methods for treatment with oxygen reduced the seriousness of 
postoperative pulmonary complications, but these methods received their 
greatest blow at a considerably later date when sulfonamides and anti- 
biotic agents came into use. As a result of these and other advances, and 
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of continued great improvements in surgical technic, the surgical treatment 
of exophthalmic goiter became firmly established as the safest, most effec- 
tive, and most conservative treatment of the disease, with small risk of 
death or serious complications regardless of the age of the patient. 


BIOCHEMICAL CONTRIBUTIONS 


The second part of the story begins in 1928, when Chesney, Clawson 
and Webster (8), studying experimental syphilis in rabbits, discovered 
that goiter developed in those animals which had been on a diet of cabbage 
for some months. A considerable amount of experimental work was done 
at intervals after that to determine the goitrogenic agent in cabbage. 
Different substances were incriminated, but presumably, as determined 
by Marine and Baumann (9), the nitrile content of cabbage was the essen- 
tial goitrogenic constituent. In 1922, the MacKenzies (10) and Kennedy 
(11), working with sulfaguanidine, thiourea and related substances, noted 
that some of these substances exerted a goitrogenic effect in certain 
animals. Astwood and others (12) carried these observations further in 
animals and found that thiourea and related substances had a strong 
goitrogenic effect and that they reduced thyroid function. The goiters 
produced by these substances were characterized by marked hypertrophy 
of the thyroid cells. Recognizing the facts that hypertrophy was associated 
in this instance with hypofunction and, indeed, dependent on it, whereas 
in exophthalmic goiter hypertrophy is associated with hyperfunction, 
Astwood’s brilliant deduction (13) led him to the administration of 
thiourea and thiouracil to patients with Graves’ disease and to the demon- 
stration of control of the disease by these drugs. Equally important; these 
drugs also offered an effective tool for many new studies of thyroid func- 
tion. The development of antithyroid drugs in treatment progressed 
rapidly. This work was done partly in the clinic and partly in the labora- 
tory, where many drugs were tested before being applied to the treatment 
of human thyroid disease. The significance of their introduction is ob- 
viously great and this addition to the therapy and study of hyperthyroid- 
ism can readily be traced directly from fundamental laboratory research. 


RADIOACTIVE SUBSTANCES 


To trace, even briefly, the development of knowledge of radioactive 
substances is quite beyond the scope of the third part of this paper. Years 
of fundamental investigations of radiation preceded the discovery of radio- 
active iodine by Fermi (14) in 1934. After that, it did not take long for 
medical investigators to consider its application to the study of human 
physiology and disease. In 1937, Hamilton (15), at Berkeley, California, 
and Hertz, Roberts and Evans (16), in Boston, began to use radioiodine. 
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It was soon learned that a considerable fraction of ingested radioiodine 
became concentrated in the thyroid gland and from work on animals it 
became apparent that the thyroid gland could be destroyed by the radia- 
tion given off by the concentrated radioiodine. By this means, amounts 
of radiation could be applied to the thyroid gland which were much greater 
than the amounts which could be given through the skin by either roentgen 
rays or radium. In 1942, Hertz, Roberts and Evans reported the effective 
therapeutic use of radioiodine, and since that time careful studies by 
Hamilton and Soley (17) in California, Chapman and Evans (18) and their 
colleagues at the Massachusetts General Hospital, and many other groups 
have determined the consistency with which hyperthyroidism can be 
controlled by this agent. Radioiodine, too, has taken a high place among 
the tools available for the study of thyroid function. Its use in either case 
could have been attained only by a long and arduous period of funda- 
mental research in order both to produce the material and to determine 
its effectiveness as a therapeutic agent. 


THERAPEUTICS OF THE PRESENT 


Running in cycles, as do most advances in knowledge, we have again 
come to a period in which the status of the treatment of hyperthyroidism, 
although greatly superior to its position twenty-five years ago, may be 
said to be complicated. Three effective means are readily at hand for the 
control of hyperthyroidism, and remarkably good results have been 
achieved by each method. Reasonably satisfactory methods are available 
for the control of overtreatment or of complications of treatment. Before 
this association we have heard many arguments favoring one or the other 
method. Perhaps many of you will agree on certain uses of these methods 
of treatment, but because you will assign different values to some of the 
problems connected with them, you will not agree in all respects on their 
relative usefulness. This difference of opinion is desirable, for otherwise 
we should all follow the same procedures and, in consequence, would learn 
more slowly. 

The ultimate determination of the various risks involved both from 
early and from late effects of the procedures used, of the risks of slow versus 
rapid control of hyperthryoidism, of the relative morbidity attendant 
upon each of the three methods, eventually will make it clear to all of us 
what treatment is or what treatments are most preferable. Possibly it may 
be a combination of them or, more likely, as seems notably true today, it 
may be that proper treatment in one instance may require one procedure 
and in another instance another procedure. As of today, it seems to me 
that the latter situation obtains. Expertly performed surgical treatment 
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may be instituted after preparation of the patient with Lugol’s solution 
with practically no risk among patients whose general condition is reason- 
ably good and whose hyperthyroidism is of mild or moderate severity. 
However, if hyperthyroidism is of more severe degree or if the patient’s 
condition is less favorable because of complicating disease, preoperative 
preparation with iodine seems inadequate, and preparation with goitro- 
genic drugs then becomes desirable, so that all evidences of hyperthyroid- 
ism and many of its effects may be abolished before operation. Under such 
circumstances as have been noted, partial thyroidectomy results in control 
of exophthalmic goiter in the large majority of patients, complications 
occurring very infrequently and recurrences rarely. In some patients seri- 
ous cardiac or other complications increase the risk of operation regardless 
of the method of preparation; in others, previous attempts at surgical 
control of the disease have failed, and in these patients postoperative 
complications are more frequent. In such cases, particularly among older 
patients, radioiodine offers an easy method of control of exophthalmic 
goiter and in such cases, again, acceptance of the unknown risk associated 
with the use of this material seems manifestly justifiable. Studies over a 
long period of time must be carried out before the inherent risk of the 
use of radioiodine will be known. This also is true of prolonged treatment 
with goitrogenic drugs. In any event, the proper evaluation of all forms 
of treatment will be easily reached when we have acquired a sufficient 
amount of knowledge. 


IDEAL TREATMENT NOT YET ATTAINED 


It may be well to emphasize here that all the presently available treat- 
ments for hyperthyroidism are far from physiologic or ideal ones. An ideal 
treatment would, of course, remove the cause of exophthalmic goiter, 
whatever it may be. Certainly the hyperfunctioning hypertrophied thyroid 
gland is one of the consequences of this malady, not its cause. The oc- 
casional progression of exophthalmos after the apparent control of hyper- 
thyroidism by any known method is ample reason to be skeptical of the 
physiologic or ideal nature of any of the present methods of treatment 
of the disease. Partial thyroidectomy by surgical means or the equivalent 
effect produced by radioiodine may result in control of exophthalmic goiter 
in most instances, and thiouracil or its derivatives may block the produc- 
tion of thyroid hormone and result in control of the disease, but none of 
these methods of treatment can be considered ideal in any sense of the 
word. The importance, therefore, of continued research on methods of con- 
trol of all aspects of Graves’ disease is still very great, even though 
presently we do have methods for controlling most of its aspects. 
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IMPORTANCE OF INTEGRATION IN RESEARCH 


In the meantime, it seems to me, the course we must follow is clear. 
Our society is composed of men with greatly varied training. As Dr. 
Means has indicated, in our group are fundamental research workers, 
pathologists, physiologists, surgeons, radiologists, and clinicians. The 
interest of one group may be, and often is, quite different from that of 
another. We can obtain the ultimate answers to our problems quickly and 
accurately only if we all cooperate with one another in tolerance and 
understanding and if, in our programs, we consider all the varied phases 
of our problems. For several years the surgeon has been pre-eminent in 
the treatment of hyperthyroidism. At present he is receiving competition 
from the clinician and the radiologist, who through their contacts with 
the chemist, the physicist and the physiologist, have acquired other effec- 
tive and safe devices for controlling hyperthyroidism. Parts of our pro- 
grams are more readily understood by the surgeon than by others, parts 
by the clinician, and parts by the laboratory worker. All parts are essential, 
and it seems to me of fundamental importance that the clarity with which 
we see the ultimate goal will depend on having within our group those who 
may be able to correlate for us and interpret to us the findings of all 
groups. Then, by attending to the ideas of all, each one of us will be the 
better able to appreciate and understand the correlation and interpretation 
of our joint contributions when the knowledge provided by those contribu- 
tions may become sufficient to afford us an answer. This I believe to be 
the strongest tie in our association: that men of widely different disciplines 
may meet together to attack from many angles the problems common to 
all. 


CONCLUSION 


Perhaps I could not end this talk in a more suitable manner than to 
quote again from Conant (19) in this wise: ‘Without scientists concerned 
with the problems of the doctor and the surgeon, we should not have had 
the almost miraculous triumphs of modern medicine.” 

I am grateful to you for having made me your presiding officer during 
the past year. I am confident that this association, by continuing to present 
the same high type of program as this one, well balanced between the 
laboratory, clinical and surgical aspects of thyroid problems, will fulfill 
an increasingly important function in the field of medicine. 
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IODINE COMPOUNDS IN THE BLOOD 
AND URINE OF MAN*{§ 


Van Meter Prize Award Essay 
J. E. RALL, M.D.** 
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HE nature of the circulating organic iodine compounds in normal 

and hyperthyroid man has not been determined with certainty despite 
many investigations utilizing chemical procedures for the determination 
of iodine. The same situation pertains to the nature of the iodine com- 
pounds which may occur in the urine, although fewer investigations have 
been made on urine than on blood. 

Certain investigators, such as Trevorrow (1), Elmer and associates 
(2, 3), and Wilmanns (4), have presented evidence that free thyroxine is 
present in the circulating blood in an amount sufficient to account for an 
appreciable portion of the blood iodine. Recently Taurog and Chaikoff 
(5), on the basis of butanol solubility, recrystallization and solvent dis- 
tribution studies, concluded that thyroxine was present in circulating 
blood in the form of a loosely bound protein complex and that the thyrox- 
ine accounted for about 90 per cent of the organic iodine in blood serum. 
Opposed to this opinion is the work of Salter and Johnston (6), who found 
that thyroxine added to blood serum did not behave in the same way as 
did naturally occurring organic iodine in serum. 

Concerning the status of the iodine compounds in urine, Mitolo (7) 
demonstrated a small amount of free thyroxine in the urine of normal 
persons, but this has not been confirmed by Elmer and Scheps (8) in either 
normal or hyperthyroid persons. In agreement with the latter is the 
report of Davison and Curtis (9), who expressed the belief that all of the 
urinary iodine existed in the form of inorganic iodide. To add to the uncer- 
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tainty, recent work with radioiodine has led to the opinion that organic 
iodine compounds do exist in urine although in small quantities. Thus, 
Joliot and associates (10) found a smal quantity of radiothyroxine and 
much larger amounts of radiodiiodotyrosine in the urine of rabbits which 
had been given radioiodide. In patients who had myxedema small amounts 
of radioactivity in the fractions corresponding to both of these compounds 
were found in the urine after the administration of radiothyroxine (11, 
12). By chemical methods it had been shown much earlier that diiodotyro- 
sine is excreted in the urine of rabbits after the oral administration of very 
large quantities of diiodotyrosine (13). Thus, it appears that certain organic 
compounds of iodine may be excreted in the urine, but whether or not this 
process occurs under physiologic conditions in normal or hyperthyroid 
humans is uncertain. 

The purpose of the present study was to obtain some information by 
isotopic technics concerning the nature and presence of various iodine 
compounds in the blood and urine of patients who had thyroid dysfunc- 
tion. Especial thanks are due to Dr. M. H. Power, Dr. F. Raymond 
Keating, Jr., and Dr. A. Albert for their suggestions, criticism and con- 
stant help, without which this work could not have been done. 


RADIOIODINE COMPOUNDS IN BLOOD 


The determination of radioiodine in fractions of blood serum was per- 
formed by a procedure similar to that of Chaney (14, 15) for chemical 
iodine analysis and described in detail elsewhere (16). The procedures 
utilized for the separation of thyroxine-like, diiodotyrosine-like and iodide 
fractions in the serum and urine were modifications and combinations 
of procedures previously described (17, 18, 19). Serum was treated with 
zine hydroxide according to the method of Somogyi (19) and the pre- 
cipitate was washed three times with water. Supernatant liquid and rinse 
water were combined and the iodide was precipitated by the addition of 
a saturated solution of silver sulfate. An excess of silver was indicated when 
a drop of this mixture gave a red color to a spot of potassium dichromate 
on filter paper. Isotonic solution of sodium chloride (2 cc.), 2 Gm. of filter 
paper pulp and sufficient water were added to make 50 cc. This mixture 
was then centrifuged at high speed and an aliquot of the supernatant liquid 
was measured for its radioiodine content. The Somogyi precipitate was 
extracted at pH 4 with 100 cc. N butanol. The butanol extract was washed 
twice with 100 cc. and 50 cc. respectively of a solution containing 5 N 
sodium hydroxide and 5 per cent sodium carbonate, after which the 
butanol was evaporated under reduced pressure and the residue was 
examined for radioiodine. This fraction represents the thyroxine-like frac- 
tion of the serum and is corrected for a 10 per cent loss which control pro- 
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cedures indicated. Another precipitate of the serum and a measured amount 


of serum were prepared and analyzed for ['*'. 
The determination of the radioactivity in the three fractions was made 
as follows: The thyroxine fraction was determined directly as described 


TABLE 1. SeruM I"! FRACTIONS, CHEMICAL PROTEIN-BOUND 
IODINE AND BASAL METABOLIC RATE 
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previously. The diiodotyrosine fraction consists of the amount found in 
the supernatant fluid plus the difference between the radioactivity in the 
total Somogyi precipitate and that in the thyroxine fraction. This addition 
is necessary, since the Somogyi precipitation method precipitates part of 
the diiodotyrosine. The iodide fraction is determined by the difference 
between the total amount of radioactivity in the serum and in the sum of 
the diiodotyrosine and thyroxine fractions. 





September, 1950 IODINE COMPOUNDS IN BLOOD AND URINE 999 


In Table 1 are shown the results of separation of the radioactivity of the 
serum into thyroxine-like, diiodotyrosine-like and iodide fractions in 16 
patients two to sixteen days after the oral administration of radioiodide. 
It can be seen that in the majority of both euthyroid and hyperthyroid 
patients most of the radioactivity is in the thyroxine-like fraction. It is 
also apparent that the greater the time interval between the administra- 
tion of radioiodine and the determination of these fractions, the more 
radioactivity there is in the thyroxine-like fraction. The significance of the 
small amount of thyroxine-like iodine in the serum of patients who had 
myxedema is obscure but this phenomenon has been noted previously 
and attributed to an extrathyroidal synthesis of hormone (20, 21). 
Although the patients in this study who had myxedema presented the 
classic picture of the disease, it is, of course, possible that small remnants 
of thyroid remained and gave rise to the labeled thyroxine-like fraction. 


RADIOIODINE COMPOUNDS IN URINE 


Four different procedures were utilized in the investigation of radioiodine 
compounds in urine. The first procedure for the investigation of organic 
radioiodine in urine was a simple determination of the Somogyi precipitate. 
Because of the variations in pH of urine specimens, it was necessary to 
adjust the mixture to pH 7 after the addition of the Somogyi reagents. 
Control studies indicated that a maximum of 0.6 per cent of added radio- 
iodide was found in a Somogyi precipitate prepared as described previ- 
ously. If more than 1 per cent of the radioactivity in any one urine speci- 
men occurred in the Somogyi precipitate, the presence of organic iodide 
was indicated. 

The second procedure utilized was the separation of the urinary radio- 
iodine into the three fractions in exactly the same manner as discussed 
previously. ; 

The third method used was the isotope recrystallization method. In 
brief, this method is based on the addition of a nonradioactive compound 
to the biologic material suspected to contain the radioactive form of the 
same compound. Isolation procedures are then applied to the added non- 
radioactive compound and the specific activity of the material is followed 
through several different isolation procedures. The criterion of tentative 
identity depends on the constancy of specific activity (the ratio between 
the nonradioactive and the radioactive compound) throughout all isola- 
tion procedures (22). In the present study, 500 ce. of urine was obtained 
from each of 2 patients who had exophthalmic goiter. Radioiodide had 
been administered to these patients three and ten days previously. The 
urine was extracted with 300 cc. of chloroform and the chloroform layer 
was discarded. The urine was then extracted twice with 300 cc. of butanol. 





1000 J. E. RALL Volume 10 


In the first case, 23 mg. of nonradioactive dl-thyroxine was dissolved in 
the butanol extract, after which the extract was evaporated to dryness. 
In the second experiment, the combined butanol extract was washed with 
the sodium hydroxide and sodium carbonate reagent, after which 29 mg. 
of nonradioactive dl-thyroxine was added and the extract was evaporated 
to dryness. The residues were repeatedly recrystallized from the following 
solvents in varying order: from 0.2 N solution of sodium hydroxide in 70 
per cent ethanol by the addition of acetic acid; from 0.1 N solution of 
sodium hydroxide by the addition of acetic acid; from 0.1 N solution of 
sodium hydroxide by the addition of carbon dioxide; and from 0.1 N solu- 
tion of potassium carbonate by the addition of acetic acid. 

As a control study to determine whether any radiothyroxine might be 
formed during these manipulations as a result of an exchange process or 
as a result of an in vitro synthesis from diiodotyrosine, radioiodide was 
added to extracts of urine obtained as just described and fortified with 29 
mg. of nonradioactive thyroxine. The nonradioactive thyroxine was crys- 
tallized by the same procedures and the specific activity of the isolated 
thyroxine was determined. 

The fourth method employed in the investigation and identification of 
radioiodine compounds in urine was the method of filter paper chroma- 
tography. Five hundred cubic centimeters of urine from patients who had 
received radioiodide three days to ten days previously was extracted with 
butanol as before and the butanol extracts were reduced to 10 cc. A small 
drop (0.025 ec.) of this extract was placed on filter paper strips and the 
strips were developed for some sixteen to twenty-four hours, using phenol 
in water as the solvent in the descending solvent technic. Control strips 
with thyroxine and diiodotyrosine were chromatographed simultaneously. 
The Rf values obtained agreed well with those given by Dent (23) and 
others. After development, the strips were dried and cut into 1 cm. lengths, 
in each of which the radioactivity was determined. Control studies showed 
that radioiodide remained where placed on the paper and had an Rf of 
0.00. 

Figure 1 shows the results of Somogyi precipitation of urine of euthyroid 
and hyperthyroid patients at varying times after the administration of 
radioiodine. The crosses in the figure represent the mean values in 4 pa- 
tients who had hyperthyroidism, and the bars represent the extreme 
ranges among those patients. The lower values are mean and extreme 
values obtained in 3 euthyroid patients. In each instance the time interval 
represents the time after the administration of a tracer dose of radioiodine. 
It is interesting to note that the appearance of precipitable radioiodine 
in the urine closely parallels the appearance of precipitable radioactivity 
in the serum as described by McConahey and associates (24). 
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The separation of the urinary radioiodine into thyroxine-like, diiodotyro- 
sine-like and iodide fractions reveals a marked variation in the levels of 
these substances (Table 2). In general, however, it may be noted that in 
the hyperthyroid patients there was more urinary radioiodine in the thy- 
roxine-like or diiodotyrosine-like fraction than in the euthyroid patients. 
Also, in all patients except those with myxedema there was demonstrable 
radioiodine in the thyroxine-like fraction. 

Table 3 shows the specific activity of thyroxine recrystallized several 
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Fia. 1. Urinary precipitable radioiodine. 


times after its addition to an extract of urine from hyperthyroid patients 
previously given radioiodine. It may be seen that very soon a relatively 
constant specific activity is reached. Repeated purification of the thy- 
roxine did not cause loss of the radioactivity. Hence either labeled thy- 
roxine was present in the urine extract, a labeled compound chemically 
very similar to thyroxine was present, or else labeled thyroxine was formed 
during the procedure. The control experiment indicated that under the 
conditions of the experiment the formation of labeled thyroxine did take 
place. This occurs, presumably, as a result of exchange of the atoms of 
I! with the I!27 of the thyroxine molecule. Calculation may be made of 
the amount of exchange which actually occurred in the control experiment. 
This was found to be 0.05 per cent. Assuming that exchange occurred in 
the experiments with urine in this same ratio, the amount of radioactive 
thyroxine thus formed could account for 1 per cent of the radioactivity ac- 
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TABLE 2. URINARY RADIOIODINE, BASAL METABOLIC RATE 
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TABLE 3. THYROXINE RECRYSTALLIZATION FROM URINE - 
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Fig. 2. Radioactivity on a filter paper chromatogram prepared from an extract of the 
urine of a hyperthyroid patient who had received radioiodide previously. The arrows 
show where thyroxine and diiodotyrosine fell on a simultaneously run control chromatc- 
gram. 
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Fic. 3. Chromatogram similar to Figure 2, prepared from another hyperthyroid patient. 
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tually found. Hence, the recrystallization data suggest that some thy- 
roxine is present in the urine of hyperthyroid patients. 

Figures 2 to 4 show representative chromatograms of the butanol ex- 
tracts of urine from patients who had received radioiodine. Fourteen chro- 
matograms were prepared from the urine of 4 patients who had hyperthy- 
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Fic. 4. Chromatogram similar to Figure 2, prepared from the urine of an euthyroid 
patient with carcinoma of the thyroid. 


roidism and 1 euthyroid patient who had carcinoma of the thyroid. In all 
instances there was a spot of radioactivity in the exact locus where control 
chromatograms showed thyroxine would be. Although final identification 
of compound cannot be made in a one-way chromatogram, the identity of 
the spot obtained with the urinary extract with that of thyroxine provides 
presumptive evidence that the substance in question is thyroxine. 


SUMMARY 


The thyroxine-like, diiodotyrosine-like and iodide fractions in the 
blood of 8 hyperthyroid, 5 euthyroid and 3 myxedematous patients given 
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radioiodine were determined by radioactive analysis. The major constitu- 
ent of the serum radioiodine under these conditions was thyroxine-like 
in nature, in most of both the euthyroid and hyperthyroid patients. 

The organic radioiodine compounds were studied in the urine of hyper- 
thyroid, euthyroid and myxedematous patients after administration of 
radioiodide. In hyperthyroid patients, by the third day after ingestion, 
from 12 per cent to 40 per cent of the urinary radioiodine was present in 
organic form. In the euthyroid patients, by the third day after the admin- 
istration of radioiodine, less than 2 per cent of the total urinary radioiodine 
was in the form of organic iodine compounds. Further studies on the or- 
ganic iodine compounds by means of butanol, alkali and silver solubilities 
demonstrated the presence of thyroxine-like and diiodotyrosine-like frac- 
tions in the urine of both euthyroid and hyperthyroid patients. That 
thyroxine was present as part of the organic urinary iodine was also sug- 
gested by recrystallization technics and filter paper partition chroma- 


tography. 
Addendum 


Since the submission of this manuscript for publication, one investigation of the 
nature of plasma iodine as determined by chromatographic techniques has been called 
to the author’s attention and two additional similar studies have been published (25, 
26, 27). 
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ROM the inception of therapy with radioactive iodine there has been 

adequate reason to fear that tissues other than thyroid or thyroid 
cancer might be subjected to damaging quantities of radiation. Our own 
experiences (1) have in fact indicated that at least the blood-forming 
organs and female gonads may be seriously injured during treatment of 
metastatic thyroid cancer with I'*!, 

Even though therapy of cancer of the thyroid with I'*! remains a rela- 
tively uncommon procedure, treatment of hyperthyroidism with this sub- 
stance is on an ever-increasing scale. We may expect constantly to be 
confronted therefore with the question of damage to non-‘‘target”’ tissues. 
Until recently, predictability of injury had perforce to be based upon 
chemically determined iodine distribution data of unknown validity (2). 
These older data indicated that the pituitary, adrenals, parathyroids, and 
gonads might be expected to concentrate sufficiently more iodine than 
other tissues and therefore might be more easily damaged by radioactive 
iodine. 

In the years between 1947 and 1950 we have had the opportunities to 
appraise directly possibilities of damage in studies of radioactive iodine 
distribution in body tissues of 9 patients at postmortem examination. The 
results of these endeavors form the basis of this report. Recently Rall 
et al. (3) have published similar findings from one of their cases of cancer 
of the thyroid. 
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MATERIAL 


Of the 9 patients investigated, 6 were females and 3 were males. They 
ranged in age from 37 to 80 years. Seven suffered from cancer of the thy- 
roid of varying histologic types; 1 had a very large intrathoracic goiter and 
1 succumbed to metastatic renal cancer. In 6 instances radioactive iodine 
was given in anticipation of postmortem studies, whereas in the remaining 
3 patients death occurred sufficiently soon after administration of thera- 
peutic doses of I'*! to permit making the desired measurements. Dose 
sizes varied from 1.91 millicuries to 250 millicuries (0.015 micrograms to 
2.0 micrograms), with the interval between administration and death 
ranging from eight hours to thirty-five days with a fortunately good dis- 
tribution of the intervening points. 


CASE SUMMARIES 


M. M., (M.H. 86878) a 45-year-old white female was admitted August 7, 1947, 
and died October 8, 1947. Two surgical attempts were made to remove what was thought 
to be cancer of the thyroid arising from substernal tissue and causing compression of the 
heart and great vessels. These efforts were only partially successful. She had equivocal 
evidence of hyperthyroidism and received Lugol’s solution for one month. This medica- 
tion was discontinued one month prior to death. Propylthiouracil was administered at 
the rate of 100 mg. per day after cessation of Lugol’s solution but was discontinued on 
October 7. Thirty-six hours later an attempt was made to administer 100 millicuries of 
I'3! by mouth. After one sip, it was evident that the patient could not be counted upon 
to ingest the balance. Accordingly the material was given in a slowly running intra- 
venous infusion which required four hours for completion. Eight hours later the patient 
died. Postmortem examination revealed a huge substernal goiter arising from the left 
lobe of the thyroid and compressing the great vessels, heart, and lungs. Microscopically 
no evidence of cancer was obtained, although the clinical impression had been one of 
malignancy. Several areas of focal hyperplasia were described. Cardiac decompensation 
was evidenced by pulmonary congestion and edema, bilateral hydrothorax, ascites, 
acute congestion of the liver, and dependent edema. 





F. G., (M.H. 98642) a 60-year-old white female entered the hospital on January 4, 
1950, and died on January 18, 1950. She was admitted on an emergency basis because 
of extreme weakness and pain. She gave a history of having had a partial thyroidectomy 
thirty years earlier for relief of hyperthyroidism. One year prior to admission a hard 
mass had appeared in the sternum and had grown to involve the left sternoclavicular 
joint. She also had radiographic evidence of osteolytic lesions in the pelvis. A tentative 
diagnosis of cancer of the thyroid was made, although the first attempts at biopsy 
yielded inconclusive results. A test dose of I'*! indicated 22 per cent collection in the 
neck, but no accumulation by any of the skeletal metastases. The patient’s hospital 
course was characterized by rapid deterioration, persistent hypercalcemia (15.5 mg. 
per cent) and fever. On January 26, 1950, she received 10 millicuries of I'*! for purposes 
of this study and two days later expired quietly. Postmortem examination revealed meta- 
static cancer from a primary adenocarcinoma of the kidney. The liver, heart, lungs, 
adrenals, and several areas of striated muscle were secondarily involved, in addition to 
the bone lesions previously described. The thyroid was composed of large acini filled 
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with colloid. There were several adenomatous areas. In general the epithelium was flat. 





H. H., (M.H. 82324) a 75-year-old white male, was admitted to the hospital for the 
last of six admissions on March 15, 1949, and died March 26, 1949. The diagnosis of 
follicular and alveolar adenocarcinoma of the thyroid, metastatic to the right acetabu- 
lum, had been made in 1946, and he had been treated with radioactive iodine as follows: 
September 14, 1946—39 millicuries; February 20, 1947—61 millicuries; March 3, 1947 
—31 millicuries; February 11, 1948—203 millicuries; and May 21, 1948—204 milli- 
curies. These amounts, together with numerous test doses, totalled 570 millicuries 
during a twenty-month period. It was estimated from externally obtained measure- 
ments that the pelvic tumor received in excess of 37,000 equivalent roentgens from radio- 
iodine in addition to 2,500 r. high voltage x-ray therapy late in 1946. The patient suffered 
from diabetes and recurrent prostatism with chronic urinary tract infection. He became 
confined to his bed as a result of continued growth of the pelvic cancer, and broncho- 
pneumonia developed. He was given 10 millicuries of I'*! on March 16, 1949, in anticipa- 
tion of detailed postmortem studies and died on March 26, 1949. At autopsy the tumor 
was found to involve almost entirely the right half of the pelvic girdle, lungs, and medi- 
astinal nodes. It was fully viable, follicular, and orderly in its growth pattern. He had 
bilateral bronchopneumonia with multiple abscesses, prostatic hypertrophy, spleno- 
megaly, and testicular atrophy involving only the tubular elements. The thyroid rem- 
nant (estimated to have received 47,000 equivalent roentgens earlier) showed prominent 
cellular degeneration but good I'*! pickup (Fig. 1). 
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Fic. 1. Radioautograph of residual primary cancer of the thyroid in patient H. H. 
There are areas of good I'*! pick-up in poorly formed follicular areas. Mag. 120 X. 
Lantern slide, three weeks. 
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B. B., (M.H. 93395) an 80-year-old white female, was admitted to the hvspital on 
December 18, 1948, and died December 26, 1948. She had been fairly well until three 
months prior to admission, when she began to have pains in the chest and difficulty in 
swallowing. A mass appeared in the neck and grew rapidly. She received 1.91 milli- 
curies of I'*' prior to biopsy, which indicated spindle and giant cell carcinoma of the 
thyroid. This dose was given intravenously because of the patient’s inability to swallow. 
She died six days later on December 26, 1948. Autopsy revealed a hard tumor arising 
from the left lobe of the thyroid and extending into the mediastinum where both the 
trachea and the esophagus were invaded. Numerous solitary metastases occupied both 
lungs, mediastinal lymph nodes, and the heart. In addition there were coronary sclerosis, 
recent and old mycoardial infarction, and pulmonary emphysema. The ovaries were 
atrophic; their vessels showed advanced arteriosclerosis. 





M. P., (M.H. 88993) a 59-year-old Greek dentist, entered Memorial Hospital on eight 
occasions, the first being January 22, 1948, and the last April 15, 1949. He was trans- 
ferred to the Brookhaven National Laboratory Hospital on April 26, 1949, and died 
there on October 12, 1949. He had undergone partial thyroidectomy in 1944 at another 
institution for removal of a tumor diagnosed as fetal adenoma. A metastasis appeared 
in the parietal bone in 1946 and was excised (follicular and alveolar adenocarcinoma) 


Fic. 2. Photomicrograph of postorbital cancer of thyroid origin in patient M.P. 
There is fibrosis and cellular degeneration evidenced by marked nuclear variation both 
in staining and in morphology. Mag. 120 X. Hem. & eos. 





September, 1950 DISTRIBUTION OF I'**: NINE NECROPSIES 


er ah 


Fic. 3. Radioautograph of parietal focus of metastatic thyroid cancer in patient 


M.P. Collection of I'*! is shown in some areas which contain few to no cells. Mag. 
120 X. Lantern slide, three weeks. 


but recurred and was treated with x-radiation. Subsequently in December, 1947, there 
was recurrence at the primary site. He was treated with I'*' as follows: March 17, 1948 
—71 millicuries; June 30, 1948 (after thyrotropic hormone)—255 millicuries; October 4, 
1949 (after four months of treatment with thiouracil, 1.5 Gm. daily)—133 millicuries. 
He died eight days later on October 12, 1949. Autopsy revealed two skull metastases 
which had not passed the dural barrier but which had produced pressure necrosis 
in the underlying brain. These tumors showed considerable evidence of fibrosis (Fig. 2), 
but even acellular areas showed I'* collection radioautographically (Fig. 3). There were 
a few small pulmonary metastases of solid rather than follicular pattern. A carcinoid 
of the ileum had metastasized to a regional mesenteric node. A fibroma of the kidney 
was also found. The pituitary contained a rather large area of subcapsular fibrosis 
(Fig. 4). The testes were atrophic with respect to tubular elements and contained rela- 
tively few interstitial cells. 





V. G., (M.H. 91255) a 52-year-old white female, was admitted to the hospital on two 
occasions—-July 14, 1948, and March 16, 1949. She died March 25, 1949. She had first 
noticed a swelling of her neck in 1921 following pregnancy. In April, 1944, following a 
miscarriage, the swelling recurred and she underwent a right hemithyroidectomy. The 
removed tissue was reported to be papillary adenocarcinoma. She was given a course of 
x-ray treatments and remained well until May, 1945. Recurrences were treated with x- 
ray in May, 1946, and October 1947. She then began to have dysphagia and dyspnea 
accompanied by a 25-pound weight loss. X-ray examination indicated the presence of 
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Fig. 4. Photomicrograph of scarred subcapsular area of pituitary in patient M.P. 
Mag. 102 X. Hem. & eos. 


pulmonary and mediastinal metastases. She received a dose of 69 millicuries of I"! 
on August 8, 1948, for the purpose of destroying the normal thyroid tissue remaining 
in her neck. She remained well, though passing through a period of hypothyroidism, 
until March 16, 1949, when she was re-admitted with complete right vocal cord paralysis. 
On the day of admission she received 4.85 millicuries of I'*'. Dyspnea developed and be- 
came rapidly more severe. On March 25, 1949, she became comatose and died. Autopsy 
revealed acute purulent tracheobronchitis as the immediate cause of death. There was 
moderately extensive thyroid cancer (papillary with giant and spindle cell areas) ex- 
tending into the trachea and larynx and metastatic to the lungs. She had a primary 
carcinoid of the ileum with metastases to the liver. Her ovaries were atrophic. 





D. S., (M.H. 84479) a 46-year-old Greek female housewife, was admitted to the hos- 
pital for the last of seven times on August 4, 1949. She was well until 1944, at which 
time visual disturbances called attention to metastases involving the skull. Other lesions 
were found in the lower extremities, pelvis, spine, and humerus. She received seven 
therapeutic doses totalling 906 millicuries during a fifteen-month period ending in July 
1948. Although improved, certain metastases had not collected sufficient iodine to incur 
damage, and she was by no means well. Further radiation was deemed inadvisable be- 
cause of changes in the marrow. Attempts were made, nevertheless, to stimulate uptake 
of I!* with thyrotropic hormone and with large doses of thiouracil. Although these 
measures had been helpful earlier they were now of no value. She became progressively 
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more debilitated and was admitted to another hospital for terminal care. She received 
two 25-millicurie doses of I'*! during the six weeks preceding her death; the latter was 
given thirteen days before expiration. At necropsy she was shown to have a extremely 
widespread and abundant metastatic tumor varying from solid to follicular in histologic 
character, the latter type often showing evidence of a striking radiation effect (Fig. 5). 
The ovaries were not remarkable, and the endometrium was cystic. There was a 1 cm. 
adrenal cortical adenoma. 





F.K., (M.H. 71790) was a 53-year-old white male. Widespread metastases from a fol- 
licular adenocarcinoma of the thyroid developed in 1939 and he was given ten therapeutic 
doses of I'*! between October 2, 1946, and November 20, 1948. These doses ranged in size 
between 10 and 315 millicuries and totalled 802 millicuries. Prior to two of these treat- 
ments he had received propylthiouracil for relatively long periods. In January of 1949 
a large metastasis without iodine-collecting properties grew in the left scapula. This was 
treated with x-radiation and regressed temporarily. Cardiac decompensation developed, 
however, and was never completely controlled. He was admitted to the Brookhaven 
Nationa! Laboratory Hospital on May 6, 1949. After slight but temporary improvement, 
he deteriorated and died twenty-one days after receiving 15 millicuries of P“'. Autopsy 
revealed nearly complete replacement of the pelvic girdle and scapula by cancer, much 


Fig. 5. Photomicrograph of extensively fibrotic area of metastatic thyroid cancer in 
skull of patient D.S. This damage from previous doses of I'*! illustrates difficulty in 
accepting data reported herein as wholly representative for tissues of this type. Mag. 
120 X. Hem. & eos. 
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of which, by histologic criteria, was undamaged, though fibrosis was present in othe: 
areas. Numerous other bones were less extensively involved. The testis (one surgically 
absent) showed atrophy of tubular elements but presence of interstitial cells. 





P. G., (M.H. 84922) a 37-year-old white female, entered the hospital on March 13. 
1947, and died on July 2, 1948. She had undergone a partial thyroidectomy in 1940. 
Sections of the removed tissue were subsequently reviewed and found to contain alveolar 
adenocarcinoma. Six months prior to admission a mass appeared in the mandible. Afte: 
several months, pulmonary, femoral, and sacral metastases were demonstrated. These 
lesions did not collect radioiodine well and were treated with x-radiation. After destroy- 
ing the normal thyroid with radioiodine and after administraticn of thiouracil, minimally 
satisfactory collection was obtained. She accordingly received I'*! therapeutically as 
follows: 93 millicuries on November 6, 1947; 184 millicuries on December 31, 1947; 
and 250 millicuries on May 29, 1948. Pancytopenia developed and the patient died 
thirty-five days after the last dose. Autopsy revealed metastatic tumor involving not 
only the bones mentioned above, but the kidneys, adrenals, liver, heart, and right psoas 
muscle. The bone marrow was almost completely acellular. Permission was not obtained 
to examine the head. 





METHODS 


With two exceptions (M.M. and B.B.), radioactive iodine was adminis- 
tered orally. The intravenous administration in M.M. covered a period of 


four hours. This procedure was adopted after a preliminary sip by the 
already moribund patient indicated the impracticability of taking the en- 
tire dose orally. 

When the quantity of iodine involved was large, postmortem examina- 
tion was conducted with monitoring precautions. Wherever organ size 
warranted, the tissue sample removed for I'*! measurement amounted to 
from 5 to 15 grams. In the case of smaller organs, it was of course necessary 
to utilize samples of considerably smaller weight. In nearly every instance, 
separate samples were obtained simultaneously for autoradiographic stud- 
ies and a third separate set of tissues was obtained for routine histologic 
examination. Specimens removed for I'*! measurement were washed briefly 
in running water and blotted before weighing on No. 3 sheets of Glassine 
powder paper. Samples were then wrapped in the paper on which they were 
weighed and placed in cylindrical screw-cap bottles which were subse- 
quently inserted into a counter for gamma ray measurements. In patient 
F.G. the procedure was varied, in that the samples were measured after 
having been placed in formalin in the same type of screw-cap bottle. 
Radioautographs were prepared in 3 cases by the Hamilton (side by side) 
method, on both lantern slides and x-ray emulsions. In the other 6 cases 
they were prepared by a modification of the Evans (superimposed) method 
using lantern slide, x-ray, and NTB (nuclear track beta) emulsions. 
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RESULTS 


The direct measurement data are summarized in Table 1. It will be 
observed that two values are listed for each tissue. The first of these is the 
actual concentration (10-4 per cent per gram) of I'*! in the tissue at the 
time of autopsy. The second represents an attempt to normalize the actual 
concentrations to a constant time.! The latter group can of course be 
averaged much more appropriately than the former. Even so, it has keen 
deemed advisable to present two averages for this group. The uppermost 
includes values from all 9 patients, whereas the lower figure was obtained 
by excluding data from patient M.M. who died at a time (eight hours) 
when a large fraction of the administered I'*! was still circulating in the 
blood. Hence in her case, values for many organs are essentially only an 
expression of activity in the blood rather than in the tissues themselves. 
The values appearing under the heading ‘“‘Thyroid cancer metastases” in 
Table 2 are averages of several specimens from each patient. These are 
considered in greater detail in Table 3. 

Attention is called to the following points of interest: 


1. The adrenal value for patient F.G., who died two days after [’*" was 
administered, is considerably higher (about three times) than the 
blood concentration. The ratio of adrenal I'*' to blood ['*! concentra- 
tion tends to be reversed in other patients. 

. The concentration of I'*! in stomach tissue in these patients is con- 
siderably lower than might have been expected from some of our 
observations in living patients that the gastric secretion contains 
relatively large quantities of I’. This discrepancy is perhaps best 
explained on the basis of rapid postmortem autolysis of gastric 
mucosa. 

. Thyroid concentration values are, for reasons subsequently mentioned 
of little consequence in this series. Recognizable tissue remained at 
death in only 3 of the 9 patients, one of whom did not have thyroid 
disease. Even in this case the uptake amounted to only about 5 per 
cent of the usual normal concentration.’ 

4. Those tissues exhibiting concentrations less than 20-30 per cent of the 


1 Our experience has indicated that the biologic half life of I! in many tissues is 
about 5 days. This value results from simultaneous decreases brought about by radio- 
active decay (half-life, 8 days) and by loss of iodine from tissues (half-life, 13.3 days) 


where: I =Io~9-6% [1/Ty/25+1/T1/2r] 


2 The average 15-gram thyroid concentrating 30 per cent of an administered dose of 
I's! would contain 2 per cent per gram (or 20,000 X10~ per cent per gram, for compari- 
son with figures in Table 1). 
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blood values (brain is the extreme example) most likely contain [4 
only in the extracellular and intravascular fluids and not within the 

cells themselves. 
The vast majority of radioautographs yielded negative results. Only 1 
nonthyroid or nonthyroid cancer tissue, as a matter of fact, exhibited selec- 
tive concentrating ability. The corpora amylacea of the prostate in patient 


Fic. 6. Radioautograph of prostate of patient M.P., illustrating uptake of I“! by 
corpora amylacea. Mag. 120 X. Lantern slide, three weeks. 


M.P. are seen (Fig. 6) to have accumulated a substantial quantity of I. 
The affinity of these areas in the prostate for iodine has been discussed 
by Wells (4). 

Of incidental interest was the observation that 2 of the 7 patients with 
metastatic cancer of the thyroid also had metastatic carcinoid. 

Table 2 presents averages of normalized concentrations (without M.M. 
data) in order of descending values. 

In Table 3 is an arrangement in order of descending values (within 
metastatic site groups) of 31 separate samples of metastatic thyroid can- 
cer. This arrangement calls attention to the extreme range of concentrating 
ability of thyroid cancer tissue with respect to iodine. It is apparent that 
in this series at least, those cancers growing in bone tended to be the most 
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Cor.—Corrected to zero time to permit averaging. 
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Corrected to zero time to permit averaging. 
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avid collectors, although lung metastases constitute the only other ana- 
tomic site group of sufficient sample number to permit fair comparison. 

In Table 4 an attempt has been made to estimate the number of equiva- 
lent roentgens per millicurie of administered I'*! which each tissue would 
receive according to the average concentration values in Table 2. Although 


TABLE 2. AVERAGE NORMALIZED TISSUE I! CONTENT (X1074 PER CENT PER GRAM) OF 8 
PATIENTS (ARRANGED IN ORDER OF DESCENDING VALUES)* f 








Thyroid cancer metastases 879.18 Prostate 
Thyroid 400.97{ Colon 
Trachea 31.36 Red marrow 
Stomach contents 21.00 Pericardial fluid 
Bile 12.49 Pleural fluid 
Gall bladder 11.23 Seminal vesicle 
Blood 79 Muscle 
Spinal cord 12 Small bowel 
Adrenal 34 Skin 
Stomach .25 Cartilage 
Renal cancer 03 Posterior pituitary 
Urinary bladder 99 Heart 
Ovary 86 
Lymph node . 64 Breast 
Lung Adrenal cortical adenoma 
Kidney 67 Bone 
Liver 67 Spinal fluid 
Uterus 55 Fat 
Esophagus 99 Cerebrum 
Spleen 61 Cerebellum 
Pancreas .32 Anterior pituitary 
Testes . 30 Nail 
Carcinoid 27 Hair 

Pineal 
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* M.M. omitted because of short dose-death interval. 

{ Averaged after correcting to zero time. 

t This relatively low figure results from previous radiation of tissue. 

§ If one assumes homogeneous distribution of ‘(100 per cent’’ of a dose in an average 
size (70 Kg.) individual, the concentration would be 1.44X10~ per cent per gram. This 
figure is convenient for comparison above. 


relationships among the three columns are obvious, values have been listed 
separately for, 1) the equivalent roentgen dose per millicurie of adminis- 
tered iodine, 2) per 10 millicuries, a high average dose in the treatment of 
hyperthyroidism, and 3) per 100 millicuries, a quantity which may be 
regarded as representative of therapeutic doses in thyroid cancer. 

The values listed in Table 4 were obtained according to the method 
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described by Marinelli e¢ al. (5) except for use of the same 5-day biologic 
half-life mentioned earlier. An arbitrary quantity of 5 per cent has been 
added for gamma radiation. This latter figure was chosen solely for the 
purpose of uniformity in the literature. Rall et al. (3) have commented 
upon the difficulty of choosing a fraction which would apply in ali instances 
This choice (5 per cent) amounts actually only to a recognition of the 
presence of a gamma component in I?! radiation. 

TABLE 3. NORMALIZED TISSUE I'*! CONTENT ( X1074 PER CENT PER GRAM) OF 31 SAMPLES 

OF METASTATIC THYROID CANCER, ARRANGED ACCORDING TO SITE OF 
GROWTH, IN ORDER OF DESCENDING VALUES 








Bone Lung 
60 M.P. (continued). 108.00 F.K. 
.40 P.G. 20.49 D.S. 84.80 V.G. 
.40 M.P. 0.37 D.S. 21 .512.G. 
.72 DS. 21.47 DS. 
att DS. Primary 11.05 H H. 
.57 DS. 5,897.60 M.P. 3.15 V.G. 
.00 F.K. 18.77 B.B. 2.89 M.P. 
.96 M.P. 13.26 HH. 0.77 V.G. 
72-2.G. 1.98 V.G. 
. 22 P.G. 1.76 V.G. Liver 
.00 F.K. 86.10 F.K. 
8.77 H.H. Lymph node 
.80 F.K. 529.93 D.S. Kidney 
7.50 P.G. 





TABLE 4. ESTIMATED TOTAL TISSUE DOSES OF RADIATION, BASED 
ON VALUES LISTED IN TABLE 2 








Equivalent roentgens 





Tissues per 1.0 per 10.0 per 100.00 
millicurie millicurie millicurie 
given given given 





Adrenal 7.90 79.00 790.00 
Anterior pituitary 0.34 3.40 34.00 
Adrenal cortical adenoma 1.02 10.20 102.00 
Bile 11.80 118.00 1,180.00 
Blood 9.25 92.50 925.00 
Bone 0.99 9.90 99.00 
Breast 1.03 10.30 103.00 
Carcinoid 3.09 30.90 309.00 
Cartilage 1.70 17.00 170.00 
Cerebellum 0.64 6.40 64.00 
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TABLE 4—(continued) 
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DISCUSSION 


‘We have presented herein data concerning the distribution of radioac- 
tive iodine in 9 humans who came to necropsy after varying dose-death 
intervals. The data are expressed in terms of concentration per gram of 
tissue and have been modified and arranged for convenience in comparison, 
as described above. Based on the foregoing average figures are also esti- 
mates of total equivalent roentgen radiation per millicurie given for each 
tissue studied. Insofar as these data may be considered representative it 
may be seen that tissues such as those listed at the beginning of this report 
(pituitary, adrenal, gonads) all contained somewhat less iodine than the 
blood. We did not obtain parathyroid tissue at autopsy in any instance. 

Unfortunately the suitability of data for comparison from one patient 
to another in this series is restricted by a number of factors. In addition 
to the fact that comparisons within the group are somewhat hazardous, 
the entire group, for the following reasons can scarcely be regarded as 
representative of normal individuals: 


1. With 2 exceptions, all 9 patients had been on low iodine diets for 
varying but often long periods. 

2. In 6 instances the thyroid had been either removed or destroyed by 
previous doses of [!*!, 

. These same doses, amounting in some instances to nearly 1 curie, had, 
coupled with x-radiation, almost certainly altered many, if not all, 
tissues. 

. Iodine metabolism had been extensively altered by administration of 
thyrotropic hormone, thiouracil, or both in 6 cases. 

. At least 7 of the immediate antemortem doses were themselves of 
sufficient size to reduce sharply the function of the tissues studied. 

. This group is not homogeneous from the standpoints of either age 
or sex. 

. The general consequences of long illness, including poor or altered 
nutrition, inactivity, altered electrolyte and hemodynamic balance 
and drug administration serve further to distinguish this group from 
their normal counterparts. 

The foregoing is by no means intended entirely to discredit these find- 
ings, but only to emphasize their limitations and hence to make clear the 
necessity for caution in interpretation. 


SUMMARY 


1. Nine patients dying after (although with 1 exception not because of) 
radioactive iodine administration have been studied with respect to their 
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tissue iodine distribution. Both direct gamma ray measurement and radio- 
autographic procedures were employed. 

2. Data obtained have been presented in tabular form and have been 
used as a basis for estimating quantities of radiation which may be 
delivered to various tissues as a result of therapy with I'*. 

3. Only the corpora amylacea of the prostate of one patient showed 
iodine collection radioautographically in nonthyroid or nonthyroid cancer 
tissue. 

4. Reasons for inability to regard this group of patients as representative 
of normal are set forth. 
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HE use of radioactive isotopes of iodine in the study of thyroid 

physiology (1, 2, 3,) confirmed the biochemical findings of Marine and 
his associates (4, 5, 6) that the thyroid has the unique function of concen- 
trating iodine to a level thousands of times that of the blood. The known 
effectiveness of external radiation therapy in hyperthyroidism combined 
with this selective deposition of iodine soon led to the use of radioactive 
iodine in the treatment of patients with thyrotoxicosis. The first thyro- 
toxic patients treated by this method were reported in 1942 by Hertz 
and Roberts (7) and Hamilton and Lawrence (8). Subsequent studies (9, 
10), published in 1946, confirmed the original observations and permitted 
a tentative appraisal of radioiodine therapy. Since then, numerous other 
groups (11, 12, 13, 14, 15, 16) have reported their experiences. Although 
there is considerable variation in methods employed, the results of treat- 
ment have been encouraging and have established a place for radioactive 
iodine in the treatment of selected cases of hyperthyroidism. During the 
past thirty months we have instituted therapy in 170 cases of hyperthy- 
roidism. This paper is to report our experience in the management of 100 
of these in which therapy has been completed. 


METHOD 


Since the use of radioactive iodine is a relatively new method of therapy 
for thyrotoxicosis, and since the long-range effect which intense internal 
ionizing radiation may have on the cells of the thyroid gland has not been 
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established, we have attempted to limit the selection of cases for therapy to 
those which meet one or more of the following criteria: 1) recurrent hyper- 
thyroidism, 2) hyperthyroidism with such other pathology as severe heart 
disease, 3) propylthiouracil failure in patients who do not want surgery, and 
4) uncomplicated hyperthyroidism in individuals in the older age group. 

In the patients receiving thiocyanate, iodine, propylthiouracil or other 
antithyroid drugs, therapy is usually deferred for four weeks. If it is felt 
that the avidity of the gland is not significantly decreased, these patients 
are treated after a shorter interval of time. 

Most patients are given orally 1 millicurie (Oak Ridge standard) of 
carrier-free radioactive iodine with a small amount of water. In twenty- 
four hours the patient returns, the uptake by the gland is determined 
with a Geiger-Mueller counter, and blood is drawn for a conversion ratio 
(17). In doubtful cases a therapeutic dose is deferred until the conversion 
ratio has been determined. If the uptake by the gland is low and the 
conversion ratio falls below the hyperthyroid range, additional I'* is not 
given. Patients with a classic clinical picture of thyrotoxicosis or with an 
uptake and a conversion ratio compatible with hyperthyroidism are treated 
and then sent home. 

The number of millicuries of radioactive iodine administered as a thera- 
peutic dose is based on the estimated weight of the gland. A dose of 100 
microcuries per gram of tissue is given in patients with a diffuse gland and 
slightly more per gram of tissue in those with a nodular goiter. 

The patients are instructed to return in eight weeks for a basal metabolic 
rate determination and clinical evaluation. At this time, if there has been 
no change in the basal metabolic rate and no change in the symptoms and 
signs of thyrotoxicosis, the original dose is repeated. If there has been a 
considerable improvement, no further iodine is given. Patients with moder- 
ate improvement are given additional iodine proportionate to the severity 
of the residual hyperthyroidism. Thus, a patient who showed a fifty per 
cent reduction in basal metabolic rate with a corresponding clinical im- 
provement would be given approximately one-half of the initial dose. 
Patients are seen at two-month intervals until euthyroidism has been estab- 
lished and maintained for a period of four months. Subsequently, they are 
followed bi-annually. Most of the patients have been ambulatory when 
treated and have been encouraged to continue their normal activity unless 
the severity of the thyrotoxicosis or complications associated with an 
overactive thyroid do not permit. A few of the patients treated before the 
present regime was established were seen at more frequent intervals. 


RESULTS 


The results of treatment in the 100 patients with hyperthyroidism are 
summarized in Table 1: all responded to radioiodine therapy. Eighty-eight 
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patients had a satisfactory remission, 9 became hypothyroid, and 3 
became myxedematous. Fifty-seven of the patients with diffuse glands 
obtained a satisfactory result with the basal metabolic rate falling from 
an average of +32.8 to +2.4 per cent. In these patients the total dosage 
ranged from 1.1 to 17.8 millicuries, with an average of 5.6 millicuries. 
Fifty were controlled within two to four months, and 7 required five to six 
months. The 31 patients with nodular glands who had a satisfactory re- 
sponse showed an average reduction in basal metabolic rate from +35 to 


TaBLE 1, Resu.ts iN 100 CASES OF HYPERTHYROIDISM TREATED 
WITH RADIOACTIVE IODINE (I!*!): 





| Average B.M.R. (%) | Dosage, millicuries 





Results No. cases 
Before After Range Average 








Satisfactory 
Diffuse goiter +32.8 + 2. 
Nodular goiter +35 + 7 





Hypothyroidisn 
Diffuse goiter +36.4 
Nodular goiter +42 





Myxedema 
Diffuse goiter +27 
Nodular goiter +28 




















+7.6 per cent. The dosage ranged from 2.2 to 43.9 millicuries, with an 
average of 11.7 millicuries. Eighteen patients in this group returned to a 
euthyroid state in two to four months, 7 required six months, and for 6 a 
satisfactory response was obtained only after seven to eighteen months. 

In 8 patients with diffuse glands, signs and symptoms of hypothyroid- 
ism developed. In these subjects the average basal metabolic rate was 
lowered from +36.4 to —18.2 per cent. The range of dosage was 2.4 to 
8.7 millicuries, with an average of 4.9 millicuries. In the 1 patient with a 
nodular goiter in whom hypothyroidism developed, the basal metabolic 
rate dropped from +42 to —19 per cent after the administration of 5.4 
millicuries. 

Only 3 patients became frankly myxedematous. Two of these patients 
had diffuse glands and 1 a nodular gland. They received a total of 1.2, 5.1 
and 4.6 millicuries of radioiodine, respectively. Although the basal meta- 
bolic rates were not much lower than those recorded in the hypothyroid 
group, each patient revealed clinical signs and symptoms of myxedema. 
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The number of doses of I'*! required to control the hyperthyroidism 
adequately is shown in Table 2. Twenty-six patients with diffuse glands 
had a satisfactory response after one dose, 18 required two doses, and 11 
received three. Two patients with severe hyperthyroidism and very large 
diffuse glands were given five doses before a satisfactory remission was 
effected. Of the 31 patients with nodular goiters only 9 had satisfactory 
remissions with one dose, 10 were given two, and 12 required three to five 
doses. 

Eleven of the 12 patients in whom hypothyroidism or myxedema devel- 
oped received only one dose; the other was given three doses. 


TABLE 2. NUMBER OF DOSES OF [!*! REQUIRED TO CONTROL 
HYPERTHYROIDISM ADEQUATELY 





Number of cases 





bs | 
Number |— 
of | Satisfactory response 
doses 


Hypothyroidism | Myxedema 





| Nodular Diffuse Nodular | Diffuse Nodular 


Diffuse | 
| 
| 








26 
18 
11 
2. | 


| 
| 
1 
| 


| 
| 
| 
| 





DISCUSSION 


From a survey conducted among radiologists and thyroid specialists, 
Quimby and Werner (18) concluded that late malignant changes following 
external radiation to the thyroid gland are quite rare. Although both 
roentgen rays and beta rays from I'*! are ionizing radiations, they differ 
in their absorption mechanisms. Furthermore, the effect of external radi- 
ation is relatively uniform in distribution, whereas the non-uniform deposi- 
tion of ['*! in the thyroid may result in focal areas of intense radiation. It 
will require many years before final evaluation of the possible harmful 
effects of internal beta radiation to the thyroid and other body tissues can 
be fully established. We do not feel the danger is great but, because of its 
possibility, we are reluctant to treat patients in the younger age group 
who have uncomplicated hyperthyroidism. Eighty-one percent of our 
patients were over 40 years of age. Six of the remaining 19 had recurrent 
hyperthyroidism following subtotal thyroidectomy. Thirteen refused 
surgery and propylthiouracil, or had a recurrence of hyperthyroidism after 
a long period of propylthiouricil therapy and did not desire surgery. 
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Because of the high incidence of carcinoma associated with solitary 
nodules, caution should be exerted in treating patients with such lesions. 
Several of our patients had solitary nodules: in one, the nodule disappeared 
as the hyperthyroidism was controlled. We have considered this as repre- 
senting a hyperfunctioning adenoma and have not advised surgery at the 
present time. In the cases is which the solitary nodule persists after estab- 
lishment of euthyroidism, surgery is strongly recommended. 

Patients with diffuse glands required on an average less radioiodine to 
effect a remission than those with nodular glands. All of the diffuse goiters 
decreased markedly in size. Many are no longer palpable. Nodular goiters 
showed only a slight tendency to become smaller. In 1 case, previously 
referred to, a nodule became nonpalpable. 

In Crile’s series (14), it required an average of three months for patients 


TABLE 3. LENGTH OF TIME PATIENTS FOLLOWED AFTER 
ESTABLISHMENT OF EUTHYROID STATE 








Months 
patients followed 








with diffuse goiters to return to normal, whereas five months were required 
for those with nodular glands. The response of our patients was similar. 
Those with diffuse glands required an average of three months before an 
effective remission was obtained, whereas those with nodular goiters re- 
quired an average of four and seven-tenths months. 

Several patients who were quite toxic developed a mild transient exacer- 
bation in the signs and symptoms of thyrotoxicosis about one week follow- 
ing the administration of radioactive iodine. This is in agreement with the 
observations of Soley and Miller (19), who in addition found that the serum 
protein-bound iodine increased at this time. 

The maximum effect of I'*! may not be fully manifest for three to four 
months (14, 20). If the initial dose is such that a rapid therapeutic response 
is obtained, a high incidence of hypothyroidism may result. Of the 12 
patients in this series in whom hypothyroidism or myxedema developed, 
8 had what we consider a rapid therapeutic response, passing through 
euthyroidism in eight weeks or less. 

All cases reported have been followed for at least two months after the 
establishment of an euthyroid state (Table’3). Forty-nine per cent have 
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been followed for more than six months, and eighteen per cent for a year 
or longer. No recurrence has been observed to date. 

In addition to the 3 cases of myxedema previously described, there were 
2 cases of transient myxedema. Subsequently, there was a sufficient 
recovery of thyroid activity so that 1 patient is now classified as mildly 
hypothyroid and the other as euthyroid. 

Other than the instances of hypothyroidism, no complication resulting 
from the administration of radioactive iodine has been observed. There 
has been no radiation sickness and no evidence of bone marrow depression 
or injury to the parathyroids or kidneys. Increase in exophthalmos has not 
been observed and a definite improvement has been noted in a few cases. 

The incidence of hypothyroidism and myxedema (12 per cent) is within 
the range observed by other groups using I'*! and is comparable to that 
following surgery. 


SUMMARY 


1. One hundred cases of hyperthyroidism treated with radioactive iodine 
are presented. 

2. The method of treatment is discussed. 

3. The results suggest that radioiodine is a valuable agent in the treat- 
ment of selected cases of hyperthyroidism. 
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HE application of radioactive isotopes to the diagnosis and treatment 
of a number of pathologic conditions has led to an increasing interest 
in the study and evaluation of the biologic effects of irradiation. Among the 
physiologic systems which are most sensitive to ionizing radiation are the 
hematopoietic, the gastro-intestinal and the gonadal (1). Of these, the one 
which lends itself most readily to study and which consequently has been 
subjected to a more detailed analysis, has been that of the blood and the 
blood-forming organs. The analytic procedures which might serve as indices 
of radiation effect on this system have been screened by the Medical and 
Biology Divisions of the Manhattan Project. Painter and Brues (1) have 
concluded that ‘“‘a reduction in the number of circulating lymphocytes is 
the most sensitive indicator of radiation exposure yet found.” Schwartz, 
Cohen, and Watson (2), who were cooperating in this project, studied the 
urinary coproporphyrin excretion in dogs receiving varying doses of x- 
radiation. They observed a decrease in the excretion of coproporphyrin in 
the urine when lethal doses were given and concluded that coproporphyrin 
excretion is not a suitable index of radiation effect because changes were 
not observed until lethal levels had been reached. 
In an effort to understand the mechanism by which ionizing radiation 
affects the synthesis and metabolism of hemoglobin and related respiratory 
pigments, we are investigating porphyrin excretion in humans subjected 
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to isotopic (I'*') and x-radiation. In contrast to the observation of Schwartz 
Cohen and Watson (2) made on dogs, we have observed that humans sub- 
jected to nonlethal doses of ionizing radiation exhibit a change in both fecal 
and urinary coproporphyrin levels. 

It is the purpose of this paper to present a study of the coproporphyrin 
excretion in 6 patients receiving radioactive iodine or x-radiation and to 
correlate, when possible, these data with the results of clinical studies of 
the peripheral blood. A study of the coproporphyrin excretion of a single 
patient receiving adrenocorticotropic hormone (ACTH)! is also included. 


MATERIALS AND METHODS 


The 7 patients chosen for this study have all been under treatment at 
the Memorial Hospital or at the hospital of the Brookhaven National 
Laboratories. Four of them received I'*!, the radioactive isotope of iodine 
with an eight-day half-life. Three of the patients were under treatment for 
carcinoma of the thyroid and 1 for thyrotoxicosis. Two patients received 
x-radiation for lymphosarcoma. One patient, under observation for pos- 
sible neoplasia, in whom no tumor was found, received ACTH. Because of 
the large variety of therapeutic agents which have been reported to give 
rise to changes in coproporphyrin excretion (3), no treatment except as 
indicated in the clinical report was administered during the course of these 
observations. All the patients were maintained on the same diet (low iodine 
diet in the patients receiving radioactive iodine, regular hospital diet in 
all others) before, during and after treatment. 

The procedures for the extraction of coproporphyrin from the urine 
and feces are based on the methods of Schwartz and Watson (4) and on 
those of Dobriner (5). They have been carried out as follows: 

A. A suitable aliquot, usually 10 per cent of a pooled, three-day urine specimen was 
acidified with a one-tenth volume of glacial acetic acid.? It was extracted three times 
with two volumes of peroxide-free ethyl ether. The ether extracts were combined and 
the water-soluble materials removed by extracting with 100 cc. volumes of distilled 
water to which 3 cc. of saturated sodium acetate solution and 1 cc. of glacial acetic acid 
had been added. Three extractions were usually sufficient. The coproporphyrin fraction 
was removed from the ether by three extractions with 5 per cent hydrochloric acid, using 
25 ec. amounts each time. The combined hydrochloric acid extracts were made acid to 
congo red with saturated sodium acetate solution. The coproporphyrin fraction was re- 
moved from this aqueous phase by three extractions with equal volumes of ethyl ether. 
The combined ether extracts were washed once with 100 ce. of 3 per cent sodium acetate 
solution. Then the porphyrins were extracted into a volumetric flask by several shakings 

1 Kindly donated by Dr. John Mote of the Armour Laboratories, Chicago, Illinois. 

2 When only the urinary coporporphyrin excretion was observed, 10 per cent aliquots 
of 24-hour specimens were used. : 
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with 5 cc. of 5 per cent hydrochloric acid.? Ether was removed by heating to 50° C. for 
15 minutes in a water bath. After cooling to room temperature the extract was brought 
to volume with 5 per cent hydrochloric acid. 

B. Feces, collected for three-day periods, were homogenized with a liquefying amount 
of glacial acetic acid in a Waring blender. A 10 per cent aliquot of the three-day homog- 
enate was extracted with two volumes of peroxide-free ethyl ether. The extractions 
were continued until there was no red fluorescence in the final ether extract. Three to 
five extractions were usually sufficient. The ether extracts were combined and the water- 
soluble components removed by extraction with 100 ce. of distilled water to which 3 ce. 
of saturated sodium acetate solution and 1 ce. of glacial acetic acid had been added. 
These extractions were continued until the aqueous phase was colorless and nonfluores- 
cent. The combined ether solution was extracted four times with 50 cc. portions of 5 
per cent hydrochloric acid. The combined hydrochloric acid solutions were made acid 
to congo red with saturated sodium acetate and extracted three times with equal volumes 
of ethyl ether. These ether extracts were combined and the coproporphyrin fraction re- 
moved by six extractions with 50 cc. quantities of 0.2 per cent hydrochloric acid. Traces 
of porphyrins other than coproporphyrin were removed by extracting with chloroform 
until there was no red fluorescence in the final chloroform extract. The chloroform ex- 
tracts were discarded. The hydrochloric acid extract was made acid to congo red with 
saturated sodium acetate solution and extracted three times with equal volumes of 
ethyl ether. The combined ether extracts were washed once with 100 cc. of 3 per cent 
sodium solution and the coproporphyrins were extracted by several shakings with 5 ce. 
amounts of 5 per cent hydrochloric acid. Extractions were continued until there was no 
red fluorescence in the final acid extract. The acid extracts were combined and trans- 
ferred to a volumetric flask. Ether was removed as in A and the extract was brought to 
volume with 5 per cent hydrochloric acid. 

The coproporphyrin content was measured at 20° C. on the Beckman “DU” spectro- 
photometer at a wave-length of 402 millimicrons (2). We have used as a reference stand- 
ard a solution of 2.143 milligrams of coproporphyrin I methyl ester dissolved in 50 ce. 
of chloroform. A calibration curve for free coproporphyrin I in 5 per cent hydrochloric 
acid was constructed after hydrolyzing a porticn of the standard ester in 25 per cent 
hydrochloric acid. 


The results are shown in Figure 1. 


CLINICAL COURSE AND LABORATORY FINDINGS 
Case I. 


The first patient studied was a 56-year-old male (L.K., M.H. #95131) with reticu- 
lum-cell lymphosarcoma. The disease was localized in the cervical and axillary lymph 
nodes bilaterally. He received a cumulative dose of 7,200 roentgens of 250 KV x-radia- 
tion at 50 cm. target-skin-distance (T.S.D.) A 1.5 mm. Cu filter was used. The x-ray 
ports included the superior and inferior neck and axillary regions bilaterally. The 
treatment was given in 300 roentgen doses to alternate portals beginning on May 
9, 1949 and ending May 24, 1949. On June 8, 1949, splenomegaly was noted and on June 





3 Quantitative extraction was made certain at each step in the procedure by observing 
the typical porphyrin fluorescence in ultraviolet light. We use as our source of ultra- 
violet light a Hanovia utility model lamp. 
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15, and on June 17 he received 150 roentgens of 250 KV x-radiation to a splenic portal. 
Because of rapid extension of his disease the patient received 0.1 mg./Kg. of methy] 
bis (beta-chloroethyl) amine hydrochloride (HN2) on four successive days beginning on 
July 1, 1949. On July 5 there was evidence of thrombocytopenia with generalized 


STANDARD CURVE 


Coproporphyrin LT in 5% HCl at 
402 mu,at Room Temp. 





Slope y#=0.006x 
y*density 
x= ¥% 


Density 
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Fig. 1. Calibration curve for free coproporphyrin I in 5 per cent hydrochloric 
acid at 402 millimicrons on the Beckman DU spectrophotometer. 


petechial hemorrhages. The patient’s condition became critical and despite multiple 
transfusions, he died on July 21, 1949. 


Results of studies made on this patient are summarized in Table 1, 
and are represented graphically in Figure 2. 

Coproporphyrin excretion. During the first twenty days following the 
beginning of x-radiation to the cervical and axillary regions there was no 
significant difference in total coproporphyrin excretion from the reported 
normal levels (6) observed during the control period. On the twentieth 
day there was a marked increase in fecal coproporphyrin excretion and 
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TABLE 1 








Average 
coproporphyrin 
excretion/24 hours 





Urine Feces Total 


Hematocrit % 
Hemoglobin Gm./100 ee. 
Reticulocyte % 

WBC 1000/cu. mm. 
Lymphocytes/cu. mm. 
Eosinophils/cu. mm. 


Platelets 





1,129 249. 
1,035 175. 
1,053 139. 
495 90 
1,012 23 
1,080 23 
920 12. 
RE; 

10. 

Tt: 


4/26-4/29 164 
4/29-5/ 2 30 169 
5/ 2-5/ 5 34 233 
5/ 5-5/ 8 45 242 
5/ 8-5/11 56 246 
5/11-5/14 50 164 
5/14-5/17 64 140 
5/17-5/20 46 124 
5/20-5/23 81 270 
5/23-5/26 15 249 
5/26-5/29 24 97 
5/29-6/ 1 61 459 
6/ 1-6/ 4 114 466 
6/ 4-6/ 7 126 496 
6/ 7-6/10 149 3 152 
6/10-6/13 133 79  ~=—-210 
6/13-6/16 126 84 210 
6/16-6/19 145 282 
6/19-6/22 224 0 224 
6/22-6/25 168 5 173 
6/25-6/28 269 s aw 
6/28-7/ 1 322 11 333 
7/1-7/ 4 379 6 385 
) 48/ 7 241 149 390 
7/ 7-7/10 222 0 222 
7/10-7/13 330 546 876 
7/13-7/16 647. 143 790 
7/16-7/19 203 «116 ~— 319 
7/19-7/21 250 99 349 
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three days later, a significant increase in the urinary fraction occurred. 
The increase in fecal excretion was continued for nine days. Concomitant 
with irradiation to the splenic portal, the fecal coproporphyrin levels 
dropped below those observed during the control period and remained 
low until five days after administration of HN». At that time, the greatest 





H. J. KOCH, ET AL. 


Volume 10 








1200 ¢, 250 Kv 
X-RAY ALTERNATELY TO. 


4 CERVICAL PORTS 


2 AXILLARY PORTS 








s 8 w «4 17 20 283 26 28 1 ll 


WHOLE BLOOD TRANSFUSIONS 


youd bd be 





150°, 250 KV 
X-RAY TO 
SPLENIC PORT 























tt 


7 00 13 @ 19 22 2 28 1 4 7 0 3 6 ht8 


JULY 








Fic. 2. Total coproporphyrin excretion and peripheral blood studies on L.K., M.H. 
#95131 (Case I). The solid black blocks represent the urinary coproporphyrin content 
per twenty-four hours; the stippled blocks represent the fecal content per twenty-four 
hours. The arrows pointing upward delineate the periods of radiation or HN2 therapy; 
the others at the top of the chart, whole blood transfusions. 
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single period of increased excretion occurred, when 546 micrograms per 
twenty-four hours were isolated from the feces. The urinary coproporphyrin 
continued to increase over the initial rise throughout the remainder of the 
study. It reached a peak on the sixth day after HN. when 647 micrograms 
per twenty-four hours were excreted. 

Hematologic findings. The hematologic data in this case are complicated 
by the numerous transfusions of whole blood which were necessitated 
during the final stage of the study. Previous to this time, a decrease in 
the hemoglobin, hematocrit, white blood count, platelet count and number 
of circulating lymphocytes was observed. This decrease began before any 
significant increase in coproporphyrin excretion was noted. The white 
blood count and total number of circulating lymphocytes returned to pre- 
treatment levels twenty days following the first x-ray treatment and re- 
mained at these levels until the HN» was given. An increase in the number 
of circulating reticulocytes was noted six days before the first increase 
in coproporphyrin excretion.‘ It continued until HN.» was administered. 
Eosinophils disappeared from the peripheral circulation during the period 
of treatment and remained absent until transfusions were given. 

Liver function studies before and after treatment were reported as 
follows: 


April 27, 1949 July 6, 1949 


Bromsulfalein 5% (45 min.) 27% (45 min.) 
Bilirubin (serum) 0.66 mg. % 0.48 mg. % 
Thymol turbidity Pod Ce; £6... ce: 
Cephalin flocculation 0 (24 hours) 1+(24 hours) 
1+(48 hours) 2+(48 hours) 


Case II 


The second patient was a 63-year-old female (A.S., M.H. #2039) who was admitted 
to Memorial Hospital with cervical and retroperitoneal lymphosarcoma of several years’ 
duration. Previous to this admission she had received 1,600 roentgens of 250 KV x-radia- 
tion at 60 cm. T.S.D. to her left neck beginning May 13, 1947 and ending May 19, 1947 
with definite regression of her disease. During the course of the present study she re- 
ceived 800 roentgens of 1,000 KV x-radiation at 70 cm. T.S.D. with a2 mm. Hg and an 
8 mm. Cu filter to each of two portals, central abdomen anterior, and central abdomen 
posterior, beginning February 2, 1949 and ending February 21, 1949. In addition, she 
received 900 roentgens of 250 KV x-radiation at 50 em. T.S.D. with a 1.5 mm. Cu filter 
to the left neck beginning February 9, 1949 and ending February 14, 1949. The only 
manifestation of radiation sickness occurred on February 16, 1949, when the patient 
complained of mild anorexia. There was clinical evidence of regression in the size of the 
abdominal mass and in the involved cervical lymph nodes during the period of therapy. 





4 Two per cent reticulocytes has been considered to be the upper limit of normal. 
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Fic. 3. Total coproporphyrin excretion and peripheral blood studies on A.S., M.H. 
#2039 (Case II). The solid black blocks represent the urinary coproporphyrin content 
per twenty-four hours; the stippled blocks represent the fecal content per twenty-four 
hours. The arrows represent the periods during which x-radiation was given. 
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The coproprophyrin excretion and hematologic data are given in Figure 
3 and in Table 2. 

Coproporphyrin excretion. The total coproporphyrin excretion during the 
control period was within normal limits and there was no significant change 
in these levels until twelve days after the beginning of x-radiation. At that 
time there was a marked increase in the fecal excretion of coproporphyrin 
which was sustained for six days, following which there occurred a de- 


TABLE 2 








Average 
coproporphyrin 
Date excretion/24 hours 





1000/cu. mm. 


Urine Feces Total 


Y 
J 


Kosinophils/cu. mm. 


Hemoglobin Gm./100 ce. 
Lymphocytes/cu. mm. 


Reticulocyte % 


WBC 
Platelets 





“JI 


1/19-1/22 44 13. 
1/22-1/25 36 14. 
1/25-1/28 58 13. 
1/28-1/31 36 13. 
1/31-2/ 3 20 13. 
2/ 3-2/6 33 12. 
2/ 6-2/9 59 13. 
2/ 9-2/12 64 12. 
2/12-2/15 64 12. 
2/15-2/18 70 13. 
2/18-2/21 41 15. 
2/21-2/24 26 12. 
2/24-2/27 39 44 1. 
2/27-3/ 2 54 62 12. 


“I 00 
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2,130 
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1,536 211 256 
1,392 144 
1,201 182.4 86 
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crease in the fecal levels to well below those observed during the pretreat- 
ment period. There was a slight increase in the urinary excretion which 
paralleled the fecal increase and returned to pretreatment levels concomi- 
tant with the decrease in the fecal fraction. 

Hematologic findings. No change was observed in the white blood count 
nor in the number of circulating lymphocytes until twelve days after the 
first x-ray treatment. At that time, concomitant with the increase in copro- 
porphyrin excretion, the lymphocyte count fell from a pretreatment aver- 
age of 2,884/cu. mm. to 1536/cu. mm. It continued to decrease until 
twenty-one days after the beginning of x-radiation when a count of 700/cu. 
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mm. was reported. By the twenty-sixth day the lymphocyte count had in- 
creased to 1,221/cu. mm. The platelets, eosinophils, reticulocytes and 
hemoglobin remained at pretreatment levels throughout the course of the 
study. 

Liver function studies during the pretreatment period gave normal re- 
sults. No determinations were made during or after treatment. 


Case III 

The third study was done on a 14-year-old male (W.M., M.H. #87060) with a four- 
year history of carcinoma of the thyroid with pulmonary and cervical metastases. He 
was admitted to Memorial Hospital for the first time August 21, 1947. On September 19, 
1947, he received 20 millicuries of I'*' as a “thyroidectomizing”’ dose. In an attempt to 
increase the pick-up of iodine by his metastases, in April 1948 he was instructed to take 
propylthiouracil, 300 mg. daily. On August 10, 1948, the medication was changed to 
600 mg. of thiouracil daily and two weeks later, increased to 1.5 Gm. daily. He was re- 
admitted to Memorial Hospital on October 25, 1948 and on December 21, I'*! tracer 
studies indicated a 90 per cent iodine pick-up by the metastatic lesions. On December 
29, 1948 he received a ‘‘therapeutic’’ dose of 112 millicuries of I'*'. Because of the marked 
iodine pick-up by the tumor mass, only 6 per cent of the dose was excreted in ninety-six 
hours and the blood radioactivity did not reach its peak until January 11, 1949. On 
March 7, 1949, 2 per cent of the total dose was still unexcreted. The total equivalent 
roentgen: dosage (e.r.) to the blood was calculated to be 185.9 e.r. (gamma and beta) 
(7). The patient showed no evidence of systemic radiation effects such as nausea or 
anorexia, either immediately following his treatment dose or during the subsequent 
weeks of observation. From February 1 to February 10, 1949, he received 300,000 units 
of procaine penicillin ‘““G’’ daily and 20 cc. of Elixir of Terpin Hydrate every four hours 
in treatment of an upper respiratory infection. 


Results of studies made on this patient are summarized in Figure 4 and 
in Table 3. 

Coproporphyrin excretion. An evaluation of the coproporphyrin excre- 
tion in this case is complicated by the fact that control studies are limited 
to a three-day period, the last day of which included the day on which I'*! 
was administered. Seven days after the radioactive iodine was given there 
was a marked rise in fecal coproporphyrin excretion with no significant 
change in urinary coproporphyrin values. The urinary excretion did net 
increase until nineteen days after treatment. During the subsequent period 
of study, several peaks in both urinary and fecal excretion were observed. 
The period of maximal excretion did not occur until three months after 
the I'*! had been administered. This irregularity in porphyrin excretion 
may be related to the fact that the patient continued to release the radio- 
iodine into the circulation and to excrete it during the entire three-month 
period of study. 

Hematologic findings. There was an abrupt decrease in the absolute lym- 
phocyte count three days following treatment. It continued to drop 
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Fic. 4. Total coproporphyrin excretion and peripheral blood studies on W.M., 
M.H. #87060 (Case III). The solid black blocks represent the urinary coproporphyrin 
content per twenty-four hours; the stippled blocks represent the fecal content per 
twenty-four hours. The arrow represents the day on which I'*! was administered. 
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TABLE 3 








Average 
coproporphyrin 
excretion/24 hours 





Urine Feces Total 


Hematocrit % 
Hemoglobin Gm./100 ce. 
Reticulocyte % 

WBC 1000/cu. mm. 
Lymphocytes/cu. mm. 
Eosinophils/cu. mm. 


Platelets 





12/27-12/30 
12/30- 1/ 2 

1/ 2-1/5 
1/5-1/8 54 
1/8 1/ll 51 
1/1l- 1/14 

1/14- 1/1758 
1/17- 1/20 83 
1/20- 1/23 55 
1/23- 1/26 36 
1/26- 1/29 57 
1/29- 2/1 
2/1-2/4 78 
9/4-2/7 77 
2/7-2/10 50 
2/10- 2/13 39 
2/13- 2/16 30 
2/16- 2/19 44 
2/19- 2/22 34 
2/22- 2/25 57 
2/25- 2/28 40 
2/28- 3/3 46 
3/ 3-3/6 56 
3/ 6-3/9 70 
3/9- 3/12 41 
3/12- 3/15 38 
3/15- 3/18 42 
3.18- 3/21 35 
3/21- 3/2431 49 oo 2 


oo = 
Ooo lO 


118 
100 

64 
360 
272 
174 
138 
333 
188 
101 
465 
760 
360 
288 
539 
270 
368 
804 
440 
680 
465 
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until seven weeks later at which time the number of circulating lympho- 
cytes gradually returned to pretreatment levels and remained so to the 
end of the study. The white blood count did not decrease throughout the 
period of observation. The platelets decreased sixteen days after treatment 
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and remained low for a period of two weeks. The hemoglobin level showed a 
gradual decline throughout the entire study. Reticuloyctes increased over 
normal levels during the fifth week of observation. The highest values 
noted occurred during the periods of increased coproporphyrin excretion. 
There was a slight increase in the absolute eosinophil count over control 
levels. It began during the sixth week and continued throughout the re- 
mainder of the study. 

Liver function tests gave results which were reported to be normal before 
and following therapy. 


Case IV 

The fourth patient was a 13-year-old female (D.K., M.H. #89431) with a two-year 
history of carcinoma of the thyroid complicated by pulmonary metastases. She was ad- 
mitted to Memorial Hospital for the first time on August 14, 1948. Previously, two 
partial thyroidectomies had been done with only partial removal of the tumor mass. 
Following surgery, a total dose of 5,000 roentgens of x-ray had been given over the pri- 
mary tumor site. On March 17, 1948, three months following her x-radiation, she re- 
ceived 75 millicuries of I'*! as a “thyroidectomizing”’ dose. On September 10, following 
a five-day period during which she received 100 units of Armour’s thyroid-stimulating 
hormone daily, she received a treatment dose of 252 millicuries of I'*'. On March 25, 
1949 she was admitted to Brookhaven National Laboratory Hospital because of x-ray 
evidence of progression of her pulmonary metastases. She received thiouracil, 1.5 Gm. 
daily, which she continued to take until December 5, 1949. On December 7 she was 
given 24.9 millicuries of radioactive iodine (I'*'), of which she excreted 28.25 per cent in 
ninety-six hours. She had excreted 99 per cent of the total dose twenty-three days after 
administration. The total equivalent roentgen dosage to the blood was calculated to be 
34.2 e.r. Nausea and vomiting occurred on December 8 and again on December 9. No 
other systemic radiation effect was noted. 


The data obtained in this study are summarized in Figure 5 and in Table 
4, 

Coproporphyrin excretion. Only the urinary coproporphyrin excretion 
was followed in this case. Pretreatment levels of coproporphyrin were 
within normal limits. On the day following I'*! administration, there was 
an immediate decrease which lasted until the sixth day. For the following 
seven days the coproporphyrin in the urine was well above the levels ob- 
served during the control period. 

Hematologic findings. There was a decrease in the absolute lymphocyte 
count on the first day and in the platelet count on the fifth day following 
treatment. The platelets returned to pretreatment levels on the following 
day while the number of circulating lymphocytes remained below pre- 
treatment levels throughout the period of observation. The total white 
count decreased on the final day of the study. No change was noted in the 
hemoglobin level. There was an upward trend in the eosinophil count which 
was sustained until the thirteenth post-treatment day. 
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Fig. 5. Urinary coproporphyrin excretion and peripheral blood studies on D.K., 
M.H. #89431 (Case IV). The solid black blocks represent the urinary coproporphyrin 
content per twenty-four hours. The arrow represents the day on which the I'*! was 
administered. 
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Case V 

The fifth patient, a 57-year-old male (J.L., M.u. #94216), was admitted to Memorial 
Hospital on February 17, 1949 for recurrent thyrotoxicosis. Because of a marked exoph- 
thalmic component and because of the recurrent nature of his disease, I'*! was con- 
sidered to be the treatment of choice, and on March 4, 1949 he received 10.2 millicuries. 
Of the total dose 20.7 per cent was excreted in ninety-six hours and by March 20 less 


TABLE 4 





| 
| 
| 
| 


Coproporphyrin 
excretion/24 hours 


Lymphocytes/cu. mm. 
Eosinophils/cu. mm. 


WBC 1000/cu. mm. 


Hemoglobin Gm./100 ce. | 
Platelets 


Date Urine 





12/ 2-12/ ; 65 
12/ 3-12/ 93 
12/ 4-12/ ! 60 
12/ 5-12/ 6 

12/ 6-12/ 61 
12/ 7-12/ 17 
12/ 8-12/ 9 13 
12/ 9-12/10 26 
12/10-12/11 32 
12/11-12/12 26 
12/12-12/13 103 
12/13-12/14 210 
12/14-12/15 150 
12/15-12/16 163 
12/16-12/17 136 
12/17-12/18 173 
12/18-12/19 93 





than 1 per cent of the dose remained unexcreted. No clinical evidence of radiation sick- 
ness was noted. During the period of observation he received 30 mg. of phenobarbital 


daily. 

The data obtained in this study are summarized in Figure 6 and in 
Table 5. 

Coproporphyrin excretion. The total coproporphyrin excretion observed 
in this thyrotoxic patient was considerably above the normal level. The 
major portion was contained in the feces. There was no significant increase 
in either fecal or urinary levels until twelve days following administration 
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Fic. 6. Total coproporphyrin excretion and peripheral blood studies on J.L., M.H. 
#94216 (Case V). The solid black blocks represent the urinary coproporphyrin content 
per twenty-four hours; the stippled blocks represent the fecal content per twenty-four 
hours. The arrow represents the day on which I"* was administered. 
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of radioactive iodine, when there was a marked increase in the fecal por- 
phyrin excretion and a significant but less marked increase in the urinary 
fraction. This increase was sustained during the remaining twelve days of 
the study. 

Hematologic findings. A leukocytosis and a relative lymphocytosis were 
reported during the control period. By the ninth day following treatment 


TABLE 5 








Average coproporphyrin 
excretion/24 hours 





Urine Feces Total 


Lymphocytes/cu. mm. 
EKosinophils/cu. mm 


Hemoglobin Gm./100 ce. 
WBC 1000/cu. mm. 


Hematocrit % 





— 
on) 
co 
i—) 
—) 


2/18-2/21 60 333 393 
2/21-2/24 79 373 452 
2/24-2/27 135 460 595 
2/27-3/ 2 55 263 318 
3/ 2-3/ 5 43 494 537 
3/ 5-3/ 7 86 517 603 
3/ 7-3/ 8 

3/ 8-3/11 140 242 382 
3/11-3/14 91 367 4E8 
3/14-3/17 108 369 476 
3/17-3/20 247 458 70E 
3/20-3/23 228 931 1,159 
3/23-3/26 169 1,167 1,336 
3/26-3/29 169 820 989 





the white count and lymphocyte count had both fallen to normal levels. 
No significant change in hemoglobin level or eosinophil count was observed. 


Case VI 

The sixth patient (N.L., M.u. #92244), was a 5-year-old female with adenocarci- 
noma of the thyroid with pulmonary metastases. On October 4, 1948 a right hemithy- 
roidectomy and radical neck dissection, and on November 1, 1948, a left hemithyroidec- 
tomy and left radical neck dissection were performed. She received a 500 microcurie test 
dose of I!*! on February 16, 1949. The total equivalent roentgen dosage to the blood was 
calculated to be 1.55 e.r. 


The findings on this patient are summarized in Figure 7 and in Table 6. 
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Fic. 7. Total coproporphyrin excretion and peripheral blood studies on N.L., M.H. 
#92244 (Case VI). The solid black blocks represent the urinary coproporphyrin content 
per twenty-four hours. The arrow represents the day on which a test dose of I'*! was 
administered. 


It will be noted that this dose of radioactive iodine exhibited no effects 
on the porphyrin excretion nor on the blood components measured. 
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TABLE 6 





Average Coproporphyrin 
Date Excretion/24 hours 





Urine Feces Total 


Hemoglobin Gm./100 ce. 
WBC 1000/cu. mm. 
Lymphocytes/cu. mm. 





1/31-2/ 3 
2/ 3-2/ 6 
2/ 6-2/ 9 
2/ 9-2/12 
2/12-2/15 
2/16-2/19 
2/19-2/22 
2/22-2/25 

25-2/28 

= 4,054 


2,640 





Case VII 

The seventh study was done on a 59-year-old male (F.K., mM.u. #93994), who was 
admitted to Memorial Hospital with a provisional diagnosis of gastric carcinoma. No 
evidence of malignancy was found, and beginning on August 3, 1949 he was given 100 
mg. of Armour’s adrenocorticotropic hormone (ACTH) daily for ten days. 


The data obtained in this study are summarized in Figure 8 and in 
Table 7. 

Coproporphyrin excretion. Only the urinary coproporphyrin excretion 
was followed in this case. The pretreatment coproporphyrin levels were 
within normal limits. There was a decrease in coproporphyrin excretion on 
the first day of ACTH administration. It continued for eight days. On the 
following day the level increased to three times that observed during the 
control period and continued at well above pretreatment values through- 
out the remaining nine days of the study. 

Hematologic findings. A decrease in the number of circulating lympho- 
cytes occurred on the second day and continued until the final day of 
ACTH administration. Concomitantly, the white count increased and re- 
mained high throughout the period of observation. Eosinophils disap- 
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peared from the peripheral circulation on the second day. There was « 
gradual decrease in the hemoglobin level and hematocrit during the perio! 
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of study. A reticulocytosis occurred on the same day that the copropor- 
phyrin excretion was observed to increase. There was no change noted 
in the platelet count. 
Liver function tests revealed an increase in cephalin flocculation follow- 
ing ACTH administration. They were reported as follows: 
Aug. 8, ’49 Aug. 10,’49 Aug. 18, ’49 
Thymol turbidity 1.0 ce. 1.09 ce. 0.81 ce. 
Cephalin flocculation 0 (24 hours) 1+ 1+ 
0 (48 hours) 3+ 2+ 


DISCUSSION 


The total coproporphyrin excretion during the control periods was 
within normal limits in 5 of the 7 patients studied when compared with the 
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values for normal humans reported in the literature (6). One patient, who 
had moderately severe hyperthyroidism had a pretreatment excretion 
above the normal level. The other, a 14-year-old male with carcinoma of 
the thyroid was found to have a total coproporphyrin excretion which 
was lower than the reported normal for that age group (6). 

An increase in total coproporphyrin excretion to two or three times the 
amounts observed during the control period was observed in all patients 
subjected to therapeutic amounts of x-radiation or radioactive iodine. 
This increase occurred seven to fifteen days after I'*! treatment and twelve 
to twenty days after the first day of x-radiation. One patient, who received 
HN; following x-ray therapy, showed a further increase in coproporphyrin 
excretion five days after the administration of this agent. A similar obser- 
vation has been reported by Bierman (8) in a study of urinary copropor- 
phyrin excretion by patients with neoplastic disease before and after 
treatment with HN». The patient who received ACTH showed a fivefold 
increase in urinary coproporphyrin excretion on the ninth day of adminis- 
tration of this hormone. No change in coproporphyrin excretion was ob- 
served in a patient who received 500 microcuries of I'*'. 

In the 5 cases in which total coproporphyrin excretion was studied the 
principal increase was found in the fecal fraction. The first evidence of 
increased excretion was noted in the fecal component in 1 case; simul- 
taneously in the urine and feces in 2 cases; and in the urinary fraction in a 
fourth. The importance of studying both the fecal and urinary copropor- 
phyrin excretion is demonstrated by the second study, in which the in- 
crease was almost entirely accounted for in the feces. 

The effect of irradiation on the hematopoietic system was first evidenced 
by a decrease in the number of circulating lymphocytes which preceded 
the increase in coproporphyrin excretion in all cases. With one exception 
(J.L., M.H. #94216), a gradual decrease in the hemoglobin level was ob- 
served in all patients who exhibited a lymphocyte response. A transient 
decrease in platelets was noted in 2 patients, and in a third they remained 
below normal throughout the period of observation. A decrease in the num- 
ber of circulating eosinophils was noted in the patients treated with x-ray, 
whereas a slight increase was observed in the patients with carcinoma of 
the thyroid who received I'*! in therapeutic amounts. The reticulocytes 
were increased over normal levels in 1 patient treated with radioactive 
iodine and in 1 receiving x-radiation. Observations made on the patient 
who received ACTH include a decrease in circulating lymphocytes and 
eosinophils, an increase in the total white count, a gradual decline in the 
hemoglobin level and hematocrit and an increase in reticulocytes. 

Evidence suggestive of parenchymatous liver damage was noted in the 
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patient receiving x-radiation and HN, and in the patient to whom ACTH 
was administered. 

It is difficult at this time to assign a definite cause for the increase in 
‘otal coproporphyrin excretion following ionizing radiation. The observa- 
‘ions on the hematopoietic system and on liver function suggest several 
possibilities. An increase in the synthesis of hemoglobin and related 
respiratory pigments could account for the increase in coproporphyrin 
exeretion. Dobriner and Rhoads (9) and Dobriner (10), in their studies on 
dogs following hemorrhage and after hemolysis induced by phenylhydra- 
zine, observed an increase in the excretion of coproporphyrin I during the 
period of increased hematopoietic activity and red cell regeneration. Fur- 
ther evidence for an increase in the excretion of coproporphyrin I with 
increased hematopoietic activity is found in the observations of Dobriner 
and Barker (11), Dobriner and Rhoads (5, 9) and Watson (12) on patients 
with pernicious anemia and on others with hemolytic jaundice. In our 
studies, such a mechanism is suggested by the reticulocyte response noted 
in 1 patient receiving x-radiation and in another to whom I'*! was adminis- 
tered. In both cases, the increase in coproporphyrin excretion was pre- 
ceded by an increase in the number of circulating reticulocytes. In a 
third case (A.S., M.H. #2039), however, reticulocytes were not observed to 
increase above the preradiation levels. 

An increase in coproporphyrin III in patients with parenchymatous 
liver damage has been reported by Dobriner (13), Watson (14), Nesbitt 
(15) and many others. Since suggestive evidence for functional hepatic 
damage as well as a reticulocytosis was noted in our study on the patient 
who received x-radiation and HN,, the possibility of an increase in copro- 
porphyrin III as well as in coproporphyrin I must be considered. Isomer 
analyses on the materials obtained in these studies are in progress at the 
present time, and it is hoped that they will reveal whether one or both of 
these factors may be responsible for the increase in coproporphyrin. 

A third possible cause for the observed increase in coproporphyrin 
excretion is suggested by Figge’s studies (16) on mouse tumors. This 
investigator has reported an affinity of neoplastic, lymphoid and rapidly 
regenerating tissue for porphyrins. The destruction of these tissues by 
ionizing radiation or HN, and the consequent release of bound copropor- 
phyrin must be borne in mind as a possible factor. Under such circum- 
stances, however, one would expect the porphyrins to increase with the 
first evidence of tumor or lymphocytic destruction. Such a relationship 
was not seen in the patients observed in this study. 

Finally, the increase in coproporphyrin excretion following irradiation 
could be initiated by a stimulation of adrenal function. A reticulocytosis, 
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suggestive evidence of parenchymatous liver damage, and a rapid decrease 
in circulating lymphocytes, each of which could theoretically account for 
the increased excretion of coproporphyrin, were observed in the patient 
receiving ACTH. Other evidence suggestive of adrenal stimulation follow- 
ing ionizing radiation has been reported by Lawrence (17), who noted 
changes in the urinary excretion of 17-ketosteroids by dogs following ex- 
posure to minimal lethal doses of x-ray. The urinary excretion of 17- 
ketosteroids increased in all irradiated animals five to twelve days follow- 
ing irradiation. 

Until the various possible sources of increased coproporphyrin excretion 
following irradiation are thoroughly investigated by isomer studies, tissue 
analyses and the like, no definite statement concerning the underlying 
mechanism by which this increase is accomplished can be made. 


SUMMARY AND CONCLUSIONS 


1. The excretion of coproporphyrin in the urine and feces has been stud- 
ied in 4 patients receiving radioactive iodine (I'*'), in 2 patients receiving 
x-radiation and in 1 patient to whom ACTH was administered. 

2. These observations have been correlated with studies of the peripheral 
blood and of liver function. 

3. Increased excretion of coproporphyrin in urine and feces has been 


observed in patients receiving therapeutic doses of radioactive iodine 
(I'*!) and x-radiation and in the patient receiving ACTH. 
4. A decrease in the total number of circulating lymphocytes preceded 
or was concomitant with this increase in all cases. 
5. Possible mechanisms for the increased coproporphyrin excretion have 
been discussed. 
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HE extent to which ingested tracer doses of radioiodine are taken up 

by the thyroid gland has been studied as a potential index of thyroid 
dysfunction in man (1-7). The present appraisal is based on experience in 
this laboratory with almost 1,400 such measurements, made between 
October 1946 and February 1950, in both hospitalized patients and out- 
patients. The orientation of this work has been towards the establishment 
of a tracer method which would provide optimal simplicity, rapidity and 
accuracy in routine clinical use. 

The tracer method used throughout has been that of direct measurement 
over the thyroid to determine the percentage uptake by the gland at 
twenty-four hours after an ingested dose of 40 microcuries of radioiodine, 
I'*!, carrier free. In the initial phase of the work, a dose of 100 microcuries 
was used. This was reduced to 40 microcuries, after a brief experience, 
when no significant difference in uptake was found with the smaller test 
dose. 

The accumulated information on which the present report is based 
represents data from four separate studies. The first, Study A, was de- 
signed to establish the reliability of direct measurement of radioiodine 
uptake over the thyroid gland and to determine its usefulness in patients 
as a method for detecting deviations from normal thyroid function (6, 7). 
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The observations in these original reports have been considerably extended 
and confirmed. The second, Study B, pertained to the uptake of radioiodine 
in 300 patients with hyperthyroidism (8). The third, Study C, sought to 
investigate the potentialities of the tracer technic as a substitute for the 
basal metabolic rate determination in routine clinical practice and has 
been reported in part (9, 10). The data of Study D were obtained from 
baseline determinations made for a study by Dr. C. L. Buxton on the 
effect of therapy with thyroid substance upon various gynecologic dis- 
orders (11). 

The patient material reviewed herein thus includes presumably healthy 
individuals, apparently euthyroid patients in the hospital for the treatment 
of various conditions not related to the thyroid, patients with known 
derangements of the thyroid, and patients with obvious endocrine dis- 
turbances, the effects of which are variable upon thyroid function. 


REVIEW OF PERTINENT LITERATURE 


Hertz (1) was the first to follow the distribution of radioiodine within 
the body after its administration for the purpose of obtaining information 
concerning thyroid function. He (3) and Hamilton and Soley (2, 4) pur- 
sued these observations in man. They noted that the isotope was handled 
physiologically. They observed an inverse relation between gland uptake 


and urinary excretion after ingestion of radioiodine, in euthyroid, hyper- 
thyroid and hypothyroid subjects. 

More intensive studies of the tracer technic were begun in several clinics, 
upon the release in quantity of eight-day half-life iodine, I’, from the 
atomic pile at Oak Ridge. Keating and associates (12) and Rawson and 
coworkers (13) studied urinary excretion following ingestion of tracer 
amounts of radioiodine and concluded that a good, albeit indirect, estima- 
tion of the amount of isotope taken up by the gland could be made. Werner, 
Quimby and Schmidt (6) found that the amount of radioiodine excreted 
in the first eight to twelve hours after ingestion of a tracer dose of ['*! 
exceeded the amount excreted over the remainder of the twenty-four 
hours in the hyperthyroid individual, whereas the situation was reversed 
for the euthyroid subject. This group felt that urinary excretion was not 
entirely satisfactory as a measure of the gland uptake (14), and that errors 
in collection, known or unknown to the physician tend to make this pro- 
cedure unacceptable for routine clinical purposes. The influence of renal 
function upon the level of uptake has lately been stressed in health (15, 
16) and in disease (17). 

Hamilton and Soley, in their studies, employed direct measurement over 
the thyroid to establish uptake. Quimby and McCune (5) established a 
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reliably quantitative method for direct measurement opposite the thyroid 
gland, of uptake of tracer doses of radioiodine in children. This method was 
modified by Quimby for use in the adult and employed by Werner, Quimby 
and Schmidt, both in the diagnostic studies mentioned previously (7) and 
in determining by this means the effective half-life of therapeutic doses 
of I'** administered in the treatment of hyperthyroidism (18). 

If the uptake by the thyroid of I'*! administered by mouth is followed 
at hourly intervals after ingestion, and plotted against time, an exponen- 
tial curve is described, which shows a plateau by twenty-four hours after 
administration. Werner, Quimby and Schmidt have used this 24-hour 
point as the most stable one at which to assay thyroid function. The 
uptake by the euthyroid gland has levelled off, as has that by the gland 
in hyperthyroidism. The latter has not yet begun to lose too much of the 
assimilated isotope as hormonal secretion, in most instances. Moreover, 
measurements at the 24-hour period provide a range of normal uptake 
which separates the great majority of patients with hyperthyroidism 
(increased uptake) and hypothyroidism (decreased uptake) from those 
with normal gland function. Miller has lately reported that a single direct 
measurement of uptake at two to three hours provides as satisfactory re- 
sults as the same measurement at twenty-four hours (19). 

Stanley and Astwood have demonstrated that the determination of the 
rate of accumulation of iodine by the thyroid provides very useful infor- 
mation within the first eight hours after ingestion of the tracer dose (20). 
They observed that the parabola which describes the curve of uptake of 
radioiodine when plotted against time can be converted to a straight line 
with a measurable slope when expressed as counts over the gland versus 
the square root of time. The slope of the latter has been termed the 
“accumulation gradient.’’ The “gradient’’ has been found not to be thor- 
oughly reliable in characterizing toxic goiter (21). 

The determination of the ‘accumulation gradient” as an index of thy- 
roid function has not been investigated intensively from the standpoint of 
use as a diagnostic tool. The frequent measurements which are necessary 
to establish the ‘‘accumulation gradient”’ or ‘“‘accumulation rate’’ constitute 
a drain on the time of trained personnel and make these procedures less 
practicable for routine purposes than a single measurement at twenty- 
four hours. 

The “‘gradient”’ or rate at which I'*! is accumulated, and the total accu- 
mulation of iodine as reflected by the 24-hour uptake measurement, do 
not necessarily express identical phenomena. Thus, there is a progressive 
decrease in the accumulation gradient with age (29), although the 24-hour 
uptake and hence total iodine accumulation shows no such decline until 
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after age 50; the decline then is not different for men and women (27). 
The ability to collect a total quantity of iodine is almost certainly a better 
reflection of the ultimate capacity of the gland to secrete hormone than 
is the rate of uptake, early after iodine ingestion. 

A similar discrepancy between ‘‘accumulation gradient’? and 24-hour 
uptake has been found in toxic goiter treated with adrenocorticotropin 
(ACTH). Here the ‘accumulation gradient” or slope of uptake is altered 
by ACTH administration (30) but the total iodine uptake at twenty-four 
hours remains unaffected, as do the serum precipitable iodine level and the 
clinical toxicity of the disorder (31). 

Chaikoff and associates (26) have demonstrated the readiness with 
which serum iodine can be partitioned into serum precipitable and inor- 
ganic fractions, the former containing the hormonal iodine. At various 
intervals after I'*' administration, the content of radioiodine in these frac- 
tions can be measured directly, or can be determined indirectly from the 
urinary excretion of I'*!, as shown by Stanley (21) 

Clark and associates have demonstrated that the time of appearance in 
the blood of radioactivity in “protein bound,” 7.e. hormonal form, after 
ingestion of radioiodine, provides an index of thyroid function (22). They 
have used somewhat large doses of I'*! for this purpose, although Freedberg 
(23) and McConahey and others (24) have been able to accomplish the 
same result with doses more nearly comparable to the smaller doses used 
for observations over the gland or upon urine. Good correlation between 
these technics and the level of thyroid activity is indicated, but needs 
further confirmation. 

Keating and associates (16) have studied the ‘accumulation rate’’ of 
radioiodine as determined by simultaneous measurements of uptake over 
the thyroid, of content in blood, and of excretion in urine over the 24- 
hour period after administration. They believe that the differentiation 
between states of normal and abnormal thyroid function is increased by 
their analysis of the kinetics of radioiodine distribution in the body over 
that obtained by analysis of any one of these components. 

These same authors discuss the estimation of “thyroid clearance”’ from 
their data. Similar efforts have been made by Myant, Pochin and Goldie 
(25), and by Stanley (21). The use of thyroid “clearance” technics with 
radioiodine, and the study of blood radioactivity, lend themselves to 
objections for routine clinical use, because of technical difficulty and time 
of personnel consumed. However, such objections might be overruled if 
significantly greater accuracy in diagnosis could be obtained. As yet, 
experience with these latter technics has not been on a sufficiently wide 
scale for evaluation. 





WERNER, HAMILTON, LEIFER AND GOODWIN Volume 10 


PRESENTATION OF DATA 


A total of approximately 1,400 patients has been studied. There is a 
preponderance of women in the series. Ages range from 16 to 86 years. The 
effects of age, sex and season of the year have been discussed elsewhere 
(27) but will be briefly summarized below. 

Uptake measurement. Direct measurement over the thyroid gland to 
determine the 24-hour uptake of radioiodine has seemed to the authors 
the most acceptable of all of the various tracer methods for appraising 
thyroid function in routine clinical practice. It is their opinion that refine- 
ments of the tracer technic may reduce, but cannot eliminate the tremen- 
dous biologic discrepancies which appear among the individuals with any 
given state of thyroid activity, when a single function of the thyroid is 
measured. Any presently available method of estimating the state of thy- 
roid activity requires confirmation by procedures which measure other 
functions of the gland; and a limit is placed upon attempts to achieve ac- 
curacy from measurement of any given thyroid function by the biologic 
variation and not by the precision of the measuring tool. Thus, a small per- 
centage gain in significance of measurement may exclude a more compli- 
cated technic from routine diagnostic use, by virtue of its becoming too 
cumbersome. 

Accuracy of measurement of uptake directly over the thyroid is possible 
in practically all subjects except those with unusually large nontoxic 
nodular goiters of the “‘Swiss’’ type (7), and these are rarely seen nowadays 
in most clinics. The physical problems involved in the measurements of 
I'*! in vitro and in vivo, and the question of standardization of the milli- 
curie for I'*' have been discussed at length (28) and available standards have 
been established. The procedure used in this laboratory for direct measure- 
ment over the gland, and to insure the inclusion of various gland sizes 
within the effective area of the Geiger counter, has been described (6, 7). 

Only two visits by the patient are necessary—for fifteen minutes the 
first day to insure complete ingestion of the tracer dose and again, twenty- 
four hours later, for determination of uptake over the gland. A background 
measurement over the thigh should be made at this time. The patient need 
not be in the fasting state. A preliminary count is taken over the thyroid 
and thigh before re-administration of a tracer dose, if I'*! has been recently 
given and is still present in detectable amounts within the body. 

Radioiodine tracer dosage. The dosage of I'*! which can be used for tracer 
testing, and the frequency of repetition of this dose, is limited by the 
amount of radiation which can be safely received by the thyroid gland. 
The upper limit of dosage considered by this clinic to be safe for the adult 
thyroid has been set at 200 microcuries of I'*!, whether given in one or 
divided doses. This delivers about 500 r.e.p. to the normal gland, assuming 
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a maximum 50 per cent uptake, over a three-week period and without 
allowance for tissue recovery factor. This amount is generally given in one 
dose, only when metastases from cancer of the thyroid are being localized. 

I'*! is usually administered without stable iodine as carrier. The distort- 
ing effects of stable iodine upon uptake have been presented by Keating and 
associates (32). An adequate tracer dose for the adult is about 40 micro- 
curies of I'*!, without carrier, and is somewhat less for children. Repetition 











TABLE 1. DIAGNOSES IN 16 PATIENTS WITH TRACER UPTAKES BEYOND THE 
NORMAL RANGE OF 10—40 PER CENT UPTAKE AT 24 HOURS 
(Series of 157 Patients as Part of Study C in Text) 
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4 M 65 Chronic nephritis 9 

M 53 Gastrostomy 5 

M 56 Asthma 4 

? Thyrotoxicosis factitia 3 
More than 40 per cent uptake 

12 M — Diabetes mellitus; coronary occlusion 40 

F 19 Tb adenitis 41 

M 42 Progressive muscular dystrophy 41 

F 16 Diabetes mellitus; obesity 41 

F 41 Muscular atrophy; ? cause 42 

F 36 Hodgkin’s disease 42 

F = Progressive myositis ossificans 43 

F } — | Traumatie myofascitis 43 

F 47 | Hypertensive cardiovascular disease 44 

F 46 Squamous cell Ca of cervix 46 

F | 74 Generalized arteriosclerosis 46 
Generalized edema; ? cause 






















of this dosage can probably be tolerated at yearly intervals. More frequent 
testing within the year is not recommended, and in this clinic no further 
I! at any time is permitted to the subject shown to be euthyroid, if a 
total of 200 microcuries has been reached. Another reason for limiting 
the use of I'*! as a tracer to one iest is the likelihood that such tests may 
be unwittingly repeated in another institution or institutions. 
Radioactivity can be detected in the blood following 40 microcuries of 
I'5! given by mouth. However, a tracer dosage of 100 microcuries has been 
employed when hormonal iodine radioactivity is to be followed, or when 
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specially sensitive counters are unavailable. The same precautions hold 
with regard to total dosage. 

Range of normal uptake by the thyroid. All results obtained in this labora- 
tory, and reported herein, have been obtained by measurement of uptake 
at twenty-four hours directly over the thyroid gland. The average content 
at twenty-four hours in approximately 1,000 euthyroid individuals tested 
in a group of about 1,400 patients is 24.4 per cent of the tracer dose with 
extremes of from 3 to 55 per cent (Table 1). The normal limits of 10 to 
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. 1. Distribution plot for radioiodine uptake and basal metabolic rate in 268 
euthyroid subjects, of whom only 190 had both tests (Series C in text). 


40 per cent uptake established in this clinic include approximately 90 per 
cent of all euthyroid individuals. A range of 10 to 35 per cent uptake in- 
cludes about 80 per cent of normal persons. Only a negligible percentage 
of the euthyroid subjects not included within the normal range take up 
less than 10 per cent of the tracer dose at twenty-four hours. Most of the 
discrepancies appear in the range above the 40 per cent limit. This creates 
an appreciable overlap with the uptake found in hyperthyroid patients, 
described subsequently. 

No data on the effect of geographic location upon tracer uptake are 
available. Normal figures presumably may vary in different localities. 

The over-all data previously cited include material gathered during a 
one and one-half year study of the tracer technic as a routine procedure 
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in hospital practice. The results of this latter study (Study C) have been 
summarized in Figures 1, 2, 3 and 4. There are 268 tracer tests done on 
268 patients with a final diagnosis of euthyroidism, apart from other 
diagnoses for which admission was arranged. A bell-shaped distribution is 
noted (Fig. 1). Of the 268 uptake values, 17.2 per cent are greater than 35 
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Fic. 2. Scattergram illustrating correlation between radioiodine uptake and basal 
metabolic rate determination in 190 of 268 euthyroid subjects (Series C in text). 


per cent at twenty-four hours, 8.9 per cent greater than 40 per cent, 
whereas only 1.9 per cent are less than 10 per cent (Table 2). Of these last 
5 individuals, the results in 2 are open to criticism on the ground of de- 
pression of uptake from possible previous therapy with stable iodine or 
with desiccated thyroid (Table 1) (e.g., the patient with asthma may have 
received iodides in a cough mixture) and in the third, to possible improper 
administration (gastrostomy). 
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Fic. 3. Distribution plot for radioiodine uptake and serum precipitable iodine de- 
terminations in 104 euthyroid women with various gynecclogic complaints, of whom 
88 had both tests (Series D in text). 
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Fic. 4. Scattergram illustrating correlation between tracer uptake and chemical 
serum precipitable iodine determination in 88 of 104 euthyroid women (Series D 


in text). 
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TABLE 2. PERCENTAGE OF TRACER UPTAKE AND BASAL METABOLISM VALUES 


(Study C in Text) 


IN EXCESS OF THE RANGE OF NORMAL 




















| Patients 
Test Range ESS 
No | Per cent 

Tracer uptake <10% 5 | 1.9 
(268 tests) > 35% 46 17.2 

; > 40% 25 9.3 
<10% & >40% 30 11.2 

BMR <-10% 55 29.1 
(189 tests) >+10% 40 21.2 
<-10% & >+10% 95 50.3 








TABLE 3. DISCREPANCIES OF MORE THAN 10 PER CENT BETWEEN TRACER 
TESTS REPEATED IN THE SAME INDIVIDUAL 


(46 Repetitions in All Patients) 








Analysis of discrepant uptakes 














Total No. of : Initial uptake, | Repeat uptake, 
patients retested No. of per cent at | per cent at 
patients 24 hours 24 hours 
Study C (text) 
27 7 10 19 
16 26 
17 30 
18 30 
22 34 
21 19 & 36 
26 41 
Study D (text) 
19 7 20 os 
24 39 
25 11 
39 21 
44 27 
Studies C & D | 
46 14 Avg. 26 | Avg. 28 

















1064 WERNER, HAMILTON, LEIFER AND GOODWIN Volume 10 


The selection of the limits of 10 to 40 per cent uptake as representing 
the normal range permits the least possible overlap between euthyroid 
subjects and patients with hyperthyroidism or with hypothyroidism. This 
will be discussed subsequently. 

Consistency of results from repeated tests. Because of the possibility of 
undesirable radiation effects, repetition of tracer testing has been sharply 
curtailed in euthyroid subjects. However, the results from such tests in 
46 individuals are available for analysis (Table 3). Of this number, the 
results of the two tests correspond within + 10 per cent in 32 of the 46. 
The values from the discrepant testings are summarized in the table. No 
ready explanation for these divergent findings is at hand, nor is there a 
directional trend in the values from second testing. 

Effect of age, sex, and season of year. The effect of age, sex, and season 
of year upon the 24-hour uptake of radioiodine has been discussed else- 
where by Quimby, Werner and Schmidt (27). These data, based upon 
an analysis of the total data collected for this study, reveal no clinically 
significant effect from any of the factors. A strikingly narrow range of aver- 
age uptake is found in all of the categories (22 to 29 per cent), whether the 
tests are classified according to sex, decade of age, or month of year. 

Overlap between uptake levels in euthyroidism, hyperthyroidism and hypo- 
thyroidism. As indicated in the section on normal range of uptake, about 
20 per cent of values in euthyroid subjects exceed the limits of 10 to 35 
per cent uptake at twenty-four hours, and about 10 per cent of such 
values lie outside the 10 to 40 per cent range. This creates an unavoidable 
overlap between the limits of uptake seen in hyperthyroid and hypothyroid 
states. 

From Study B in this clinic, of 300 tests in about as many hyperthyroid 
patients (8, 18), the extremes of uptake in toxic goiter were between 23 
and 73 per cent, with an average of 51 per cent. About 6 per cent of uptakes 
were less than 35 per cent at twenty-four hours and 11 per cent were less 
than 40 per cent. It should be noted that practically no euthyroid values 
exceed 50 per cent uptake at twenty-four hours, especially if confirmed by 
repetition of the test. Thus, an uptake of 50 per cent or more is a!most 
diagnostic of toxic goiter, or rarely of nontoxic goiter in a stage of hyper- 
plasia. Similarly, an uptake of less than 30 per cent almost certainly 
excludes hyperthyroidism. 

An overlap between the lower limit of euthyroid uptake and that of 
hypothyroidism also has been observed. The number of the latter patients 
is very restricted. The normal subject almost never shows uptake of less 
than 10 per cent at twenty-four hours. However, values of 15 per cent 
uptake at twenty-four hours in extreme hypothyroidism have twice been 
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observed in this clinic (Table 4). In one instance there was replacement of 
functioning thyroid tissue by chronic thyroiditis and in the other, the 
diagnosis, though not yet confirmed, suggested spontaneous myxedema. 


TABLE 4. EFFECT OF ADMINISTRATION OF ANTERIOR PITUITARY THYROTROPIN (T.S.H.) 
FOR THREE DAYS UPON TRACER UPTAKE OF RADIOIODINE AND ON SERUM PRECIP- 
ITABLE IODINE LEVEL, IN PRIMARY HYPOTHYROIDISM, IN HYPOTHYROIDISM 
DUE TO ANTERIOR PITUITARY INJURY, AND IN EUTHYROIDISM 








| 


Serum precipitable 


Radioiodine uptake iodine level 


| 
| 





Patient Before After Before After 
treatment, treatment, treatment, treatment, 
per cent per cent gamma gamma 
at 24 hrs. at 24 hrs. per cent per cent 





Hypothyroidism 


or 


5 5 
+ 4 
14 16 
5 3 
<1 <1 
6 9 
15 32* 


aowocroeoua 


Hypopituitarism 


YY 53 
24 55 
3 28 


Euthyroidism 


R.R. 20 M 35 46 
E.K. 19 M 31 52 
H.S. 30 M 27 59 
L.K. 29 F 30 49 
R.Z. 23 F 38 48 

















* Diagnosis of hypothyroidism still in doubt. 


The series of hypothyroid patients is too small to analyze statistically, but 
it is clear that a low normal uptake per se does not rule out hypothyroidism. 
Responsiveness of the gland to anterior pituitary thyrotropin may provide 
an index of primary hypothyroidism as discussed later. 

Sources of error in the tracer technic. a. Stable iodine—Practically 
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negligible uptake of radioiodine may result from the preceding use of 
stable iodine (7). These low values may persist for up to twelve weeks 
following the cessation of stable iodine therapy, before normal uptake is 
resumed. The mechanism for this inhibition has been studied by Wolff, 
Chaikoff and associates (33) and depends both on saturation of the gland 
with stable iodine and on inhibition of organic binding of the iodine 
taken up by the gland when the blood level of inorganic iodine is high. 
The unbound isotope is rapidly released from the gland when not incor- 
porated into hormone. 

Stable iodine includes inorganic iodine and iodine in organic combina- 
tion. Thus sodium iodide and elemental iodine as in Lugol’s solution, or 
tincture of iodine for skin preparation for operation or venipuncture, may 
result in sufficient absorption to prevent tracer uptake. The quantity of 
iodide in iodized salt is not sufficient to create difficulties if the salt is used 
in customary amounts. Cough medicines containing iodides should not be 
forgotten as a source of iodide ingestion. Organic compounds containing 
iodine such as tetraiodophenolphthalein or Priodax for gall-bladder visu- 
alization, Diodrast for intravenous pyelography or arterial visualization, 
and Lipiodol may also inhibit ['*! uptake (7). These substances equally 
may cause falsely high values for serum precipitable iodine chemically 
determined (34). 

b. Thyroid medication—Falsely low values for radioiodine uptake may 
follow the ingestion of desiccated thyroid (7, 35). A low tracer uptake 
and a high serum precipitable iodine characterize thyrotoxicosis factitia. 
Again, suppression of uptake may persist for twelve weeks after cessation 
of therapy. The low uptake is secondary to diminished thyrotropin output 
by the anterior pituitary and can be restored to normal by thyrotropin 
administration (36). 

c. Antithyroid drugs—The apparent arrest of radioiodine uptake follow- 
ing the administration of antithyroid drugs has been studied in detail 
(37). Included in the list are the drugs of the thiourea series (38), thio- 
cyanate (20) and goitrogens found in food (39). If the drugs have been 
given acutely, uptake of I*' may be resumed in a few hours after the last 
dose. However, inhibition may last for many weeks if the drugs have been 
chronically ingested before discontinuance (7). 

d. Anterior pituitary failure—Thyroid function may become greatly 
reduced consequent to failure of anterior pituitary function, e.g., pan- 
hypopituitarism from tumor, etc. Radioiodine uptake may be drastically 
reduced under this circumstance, though often surprisingly well main- 
tained despite a drastic fall in basal metabolic rate (7). The use of anterior 
pituitary thyrotropin may provide a differential diagnostic tool to separate 
this disorder from primary hypothyroidism as described later. The uptake 
in various other endocrine states is usually not significantly affected (7). 
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e. Iodine lack—A state of iodine deprivation, whether due to antithyroid 
agents or to inadequate ingestion of iodine, may be presumed to create an 
increased avidity for iodine. An abnormally high uptake may follow in the 
former instance, when the effect of the antithyroid agent wears off. 

f. Effect of recent treatment of hyperthyroidism—Successful treatment 
of toxic goiter may disrupt the correlation between iodine uptake and 
hormone release upon which the validity of the tracer technic is founded. 
The uptake of I'*! at twenty-four hours may remain higher than normal 
despite clinical evidence of remission and return of the basal metabolic 
rate and serum precipitable iodine levels to normal (7). Other studies also 
indicate that the relationship between iodine uptake and secretion is not 
necessarily obligatory. : 


COMPARISON OF TRACER TECHNIC WITH BASAL 
METABOLIC RATE DETERMINATION 


Comparison between the results of tracer uptake and of basal metabolic 
rate determination has been made in 190 of the 268 euthyroid patients 
discussed in the section on range of normal uptake (Study C). Both tracer 
tests and basal metabolism readings were obtained in each of these 190 
patients. A few additional results from second testing of the basal metabo- 
lism are depicted in the graphs (Figs. 1 and 2). 

The distribution plot for the tracer and basal metabolic rate determina- 
tions (Fig. 1) each shows a bell-shaped frequency distribution. Approxi- 
mately 10 per cent of euthyroid patients have uptakes in excess of the 
normal limits of 10 to 40 per cent at twenty-four hours. This fits with the 
over-all data previously presented. Approximately 50 per cent of basal 
metabolism readings are beyond the usually accepted limits of +10 per 
cent. The extremes of the values for the tracer technic are almost all in 
the range of hyperthyroidism, whereas the extreme values for the basal 
metabolic rate are equally divided above and below the normal limits. 
Thus 21.5 per cent of basal metabolism values in this particular study 
exceed +10 per cent and fall into the hyperthyroid range. A scattergram 
(Fig. 2) of the data from the second year of the study shows the correlation 
between tracer uptake and basal metabolic rate. This material is separated 
from that of the first year to show the empty zones representing both high 
basal metabolism values and high tracer uptake, and the opposite extreme. 
This suggests that the final clinical diagnosis already was being affected 
by the concurrence of elevated levels in both laboratory tests. 


COMPARISON OF TRACER TECHNIC WITH SERUM PRECIPITABLE 
IODINE DETERMINATION 


Comparison has been made between the results of tracer uptake and of 
serum precipitable iodine chemically determined by the method of Barker 
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(40). The tests were conducted in women with various gynecologic com- 
plaints, selected with few exceptions to exclude basal metabolic rates of 
over +10 per cent and were made as baseline readings prior to the ad- 
ministration of desiccated thyroid (Study D). The distribution plot for 
each of the two tests on the 80 women in the series on whom both tests 
were done, is presented in Figure 3. The tracer uptake shows approxi- 
mately the same spread of values just discussed. The serum precipitable 
iodine values are somewhat less scattered than those of the basal metabolic 
rate determination. However, about the same percentage of values is found 
in excess of the normal limits (4 to 8 gamma per cent), as is found with 
the tracer technic. The scattergram (Fig. 4) demonstrates the absence 
of euthyroid individuals both in the areas of high uptake and high serum 
iodine level, and at the opposite extreme, just as seen in the basal meta- 
bolic rate-tracer uptake chart (Fig. 2). It would appear here also that 
clinical judgment was influenced by the concurrence of the results of the 
two tests. 


THE TRACER TECHNIC IN CONJUNCTION WITH THE BASAL METABOLIC RATE 
AND SERUM PRECIPITABLE IODINE DETERMINATIONS 


Analysis of the data presented (Studies C and D) above reveals that a 
combination of several methods of testing thyroid function may result 
in a high degree of accuracy in the diagnosis of normal thyroid activity. 
Thus, in the hospital population seen on the medical ward and diagnosed 
as having euthyroidism, only 3 per cent had both tracer uptake and basal 
metabolic rate values in excess of normal. Assuming that a similar number 
of patients with hyperthyroidism are found to have values for both these 
tests within the normal range, an over-all potential error in diagnosis 
of 6 per cent is indicated, or about a 95 per cent degree of accuracy. This 
diagnostic usefulness is probably further aided by the fact that tracer 
uptakes over 50 per cent are in themselves almost diagnostic of toxic goiter, 
or rarely of hyperplasia without toxicity, whereas uptakes less than 30 
per cent almost certainly rule out hyperthyroidism. 

The addition of the serum precipitable iodine determination narrows the 
probability of error in diagnosis even further, since the likelihood of all 
three tests being falsely high or low is even less than with two. In the 
gynecologic cases observed, already weighted by the selection of patients 
with no increase in basal metabolic rate, there were no patients with tracer 
uptake and serum precipitable iodine values above the normal limits, 
although an appreciable percentage of patients had values in excess of 
normal for one or the other test. 

These figures represent the limited, although definite, possibility of 
error in diagnosis in euthyroid individuals if the results of the laboratory 
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are taken literally. They do not present the likelihood that a hyperthyroid 
patient will show results from the several tests which will be within the 
normal range, but there is probably a similar incidence. The same per- 
centages probably roughly apply to the likelihood that the hypothyroid 
patient will show values within normal limits for tracer uptake, serum 
iodine, and basal metabolic rate. Not enough data are available for 
analysis. The tracer uptake, however, when less than 5 per cent, and when 
no confusing factors such as iodide ingestion are present, is probably in 
itself adequate to establish the diagnosis of hypothyroidism. 


THE “USE OF ANTERIOR PITUITARY THYROTROPIN (T.S.H.)? 


A potential tool to distinguish primary hypothyroidism from that 
secondary to anterior pituitary failure has been investigated independently 
by Querido at the Massachusetts General Hospital and in this clinic. 
The technic of administration and the dosage of T.S.H. worked out by 
both groups are essentially the same and are being presented in detail 
elsewhere (41). 

Stanley and Astwood have demonstrated that the parenteral administra- 
tion of T.S.H. will increase the rate.of uptake of radioiodine in the euthy- 
roid subject (36). They also showed that the same effect can be induced 
when uptake has been suppressed as a consequence of thyroid administra- 
tion. 

Since a low uptake of radioiodine generally raises the question of hypo- 
thyroidism, an objective method for further differentiation is desirable. 
The injection of T.S.H. (Armour) 12.5 mg. intramuscularly, twice daily 
for three days will restore to normal or above, the low uptake of a thyroid 
gland in which arrested function is secondary to anterior pituitary disease 
or to suppression by ingested thyroid. The serum precipitable iodine level 
is also significantly elevated following T.S.H. administration. However, 
the thyroid gland primarily injured by atrophy or disease will show no 
response to the thyrotropin injections. Table 4 and Figures 5 and 6 illustrate 
the results obtained in severe hypothyroidism secondary to anterior pitui- 
tary failure and in myxedema of primary thyroid origin. The results in 
this series and in that of Querido, suggest diagnostic usefulness for this 
maneuver. } 


DISCUSSION 


An appraisal of any laboratory technic depends in part upon the purpose 
for which the test is to be used. It may be employed as a routine clinical 
diagnostic procedure, or in range-finding surveys in order to establish 





2 A purified T.S.H. has been made available for study through the kindness of Dr. 
John R. Mote, Medical Director, Armour and Company, Chicago. 
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Fic. 5. Illustrating the response to T.S.H. (anterior pituitary thyrotropin) in pan- 
hypopituitarism in a male, aged 45, with Simmonds’ disease due to chromophobe 


adenoma of the pituitary (Table 4). 


the level of thyroid activity in various clinical states. In these instances, 
the requirements of speed, simplicity and ability to handle a large patient 
load are major considerations. 

On the other hand, the use of a method for the purpose of making as 
precise a differentiation as possible between normal and abnormal function 
tends to put accuracy as the criterion by which the test is judged and to 
minimize the fact that applicability may be then limited. The same holds 
when a particular physiologic point is to be investigated, such as testing 
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of the comparative inhibitory action of antithyroid drugs (20), or es- 
tablishing the role of tissue distribution and urinary excretion in the ulti- 
mate over-all uptake of radioiodine by the thyroid of a given individual 
(16). A rough example of this distinction is the widespread use of the 
fasting blood sugar determination as a screening procedure and the then 
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Fia. 6. Illustrating the lack of response to T.S.H. in primary hypo- 
thyroidism (Table 4). 


limited application of the various methods of testing glucose tolerance, 
in instances spotted by use of the former. 

The experience of this clinic over many years, with patients with 
normal and abnormal thyroidal states, tends to indicate that no refinement 
of a single laboratory technic measuring a single function of the thyroid, 
directly or indirectly, will eliminate the error created by the patient him- 
self. It is difficult to see how any approach to the tracer technic, for ex- 
ample, will put into the hypothyroid range the myxedematous gland 
able to take up 55 per cent of an administered dose of radioiodine by 
twenty-four hours, as reported by Hamilton and Soley (2), or 15 per cent 
as seen in this clinic. Similarly, it is difficult to see how increasing the 
precision of any single technic can necessarily classify the nervous patient 
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whose basal metabolic rate is +11 per cent, whose serum precipitable 
iodine value is 8.4 per cent and whose tracer uptake at twenty-four hours 
is 38 to 43 per cent; or distinguish the 55 per cent uptake occasionally 
seen in nontoxic goiter from the same value: when observed in hyper- 
thyroidism. The difficulty seems more inherent in the over-all nature o! 
the thyroid function of the patient, than in the technic of measurement 
of any single aspect of such function. 

With this point of view in mind, as has been stated, the effort of this 
clinic has been to survey the potentialities of the tracer technic with 
radioiodine, as a diagnostic and range-finding tool. It is felt that the 
relative accuracy of the 24-hour determination of uptake measured over 
the gland permits its use in this way and that the information obtained 
more than justifies this approach. 

As a result of the studies presented herein, a program is underway at 
the Presbyterian Hospital to substitute the tracer technic measuring 
24-hour uptake, for the basal metabolic rate determination as the initial 
routine laboratory screening procedure in the diagnosis of thyroid disorder. 
It has been found over the past year and a half that confirmatory proce- 
dures become necessary in about 20 per cent of patients thus tested, as 
opposed to about 40-50 per cent who require other tests when the basal 
metabolic rate is the first approach. Moreover, the tracer technic, as used, 
does not require the fasting state, can be done at any time of day at the 
convenience of technician and patient, and is not influenced by the 
emotional response of the patient. This procedure cannot be used to follow 
the results of therapy. 

The chemical determination of serum precipitable iodine is still, in our 
hands, somewhat too difficult and slow to be used in the routine laboratory 
as a screening procedure for thyroid abnormality. The values obtained, 
if abnormal, are not in themselves diagnostic and require confirmation 
just as do the abnormal results from the tracer technic; and about the 
same percentage of results requires confirmation by other procedures. 
However, the chemical method permits frequent repetition, which is not 
possible with the tracer test. The advantages and limitations of the serum 
precipitable iodine method have been discussed elsewhere (42, 43). 

A survey of the results from the radioiodine tracer uptake, basal 
metabolic rate and serum precipitable iodine chemically determined indi- 
cates that with the best clinical effort at classification, there is an appreci- 
able incidence, in so-called euthyroid individuals, of elevated values for 
each of these three tests. The combination of both elevated serum pre- 
cipitable iodine values and increased tracer uptake has not been found 
in a limited group of gynecologic patients, already selected by a searcli 
for low basal metabolic rates. On the other hand, the incidence of both an 
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increased basal metabolic rate and tracer uptake, in a routine hospital 
population adjudged euthyroid, is about 3 per cent. 

There is a definite likelihood, conversely, that the values from any two 
tests of thyroid function may both be normal in hyperthyroid or in hypo- 
thyroid patients. This may result in confusion with the normal state and 
in mistaken classification. The likelihood of overlap of values naturally is 
further decreased if additional functions of the thyroid are measured. 

It appears from the above, therefore, that no routine test of a single 
thyroid function, by itself, is at present adequate to establish the existence 
of abnormal thyroid activity. However, over-all normal thyroid function 
may be estimated from the combined use of the tracer technic, basal 
metabolic rate determination and chemical serum precipitable iodine 
level, with a high degree of accuracy (95 per cent, approximately), and thus 
ke distinguished from hyperthyroidism and hypothyroidism. 

It is indicated that there is an irreducible minimum of euthyroid sub- 
jects in whom a diagnosis of hyperthyroidism or of hypothyroidism will 
be made, despite the use of all three tests of thyroid function. It is also 
clear that a certain number of patients with underactive or overactive 
glands will escape detection in terms of these tests. The percentage error 
is small enough so as to be of little moment. Nevertheless, it is apparent 
that the clinician must be alert to the possibilities of error in these diag- 
nostic manoeuvers. Sound clinical judgment is still the final arbiter in 
the diagnosis of thyroid disease. 


SUMMARY 


1. Data from about 1,400 tracer tests of thyroid function have been 
analyzed. Uptake of radioiodine, I'*!, has been measured directly over 
the gland at twenty-four hours after ingestion of a tracer dose of 40 
microcuries. 

2. A comparison of various tracer methods has been made from the 
standpoint of clinical usefulness in terms of simplicity, rapidity and ac- 
curacy. The 24-hour uptake technic has seemed most suitable for routine 
diagnostic and range-finding purposes. 

3. The limitations of tracer dosage and of repetition of dosage have been 
discussed. 

4. A range of normal uptake of 10 to 40 per cent at twenty-four hours 
has been established and includes 90 per cent of all euthyroid individuals. 
A small, but significant, overlap with hyperthyroid and hypothyroid sub- 
jects has been observed. 

5. The sources of error in tracer technics, such as preceding administra- 
tion of inorganic and organic compounds containing iodine, or desiccated 
thyroid, are reviewed. 
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6. A limited comparison between the results from the tracer technic and 
those from the serum precipitable iodine and basal metabolic rate de- 
terminations has been made. It is concluded that the use of two or more 
such tests results in a high degree of accuracy of diagnosis (95 per cent, 
approximately) but still admits the definite possibility of error. 

7. Anterior pituitary thyrotropin (T.S.H.) administration has been 
investigated as a method for differentiation between primary hypo- 
thyroidism and hypopituitarism. It appears to be a useful tool. 

8. It is stressed that the measurement of a single function of the thyroid, 
no matter how precise, is not completely reliable as an index of the state 
of thyroid activity. It is stressed that erroneous conclusions may be 
drawn even when several functions of the gland are tested. Sound clinical 
judgment is still the final arbiter in the diagnosis of thyroid disease. 
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RADIOACTIVE IODINE IN THE TREATMENT OF THE 
HYPERTHYROIDISM OF NODULAR GOITER* 


CHARLES E. RICHARDS, M.D., GEORGE CRILE, 
JR., M.D. anp E. PERRY McCULLAGH, M.D. 


From the Cleveland Clinic and the Frank E. Bunts Educational 
Institute, Cleveland, Ohio 


N PRESENTING to this group the clinical results of the use of radio- 

active iodine in the treatment of the hyperthyroidism of nodular goiter, 
there seems little necessity to review the history of the initial discovery 
of artificial radioactivity, the subsequent production of radioactive iodine, 
and the part such iodine has played and is playing in the study, diagnosis, 
and treatment of thyroid disease. In this paper, we consider it more 
important to confine ourselves to the presentation of the end results of 
our treatment, together with some evaluation of these results. 


METHODS 


During the past two years, radioactive iodine has been used at the 
Cleveland Clinic in the treatment of hyperthyroidism. The patients with 
nodular goiters who were selected for this therapy have all been 40 years 
of age or older. The solitary adenoma has never been chosen for such 
treatment. Radioactive iodine was used in several instances of large 
nodular goiters because the patient was averse to the idea of operation. 
In some of our patients the surgical risk was considered too great and thus 
surgery was contraindicated. A number of patients with small nodular 
goiters who were not suitable surgical risks were given a trial on definitive 
treatment with propylthiouracil or with methylthiouracil. Those who 
experienced prompt recurrence of hyperthyroidism upon cessation of the 
drug were considered candidates for radioactive iodine therapy. 

The iodine has all been carrier-free I'*! as received from Oak Ridge. We 
have accepted their calibration and our only change has been one of 
dilution. At no time has any stable isotope been added. 

This report concerns 37 patients having hyperthyroidism arising in 
nodular goiters. Members of the endocrinologic. and surgical staffs in 
consultation based the diagnoses upon clinical judgment, basal metabolic 
rates, and in questionable cases, upon cholesterol determinations. 
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All patients were asked to return at intervals of two months, at which 
time a clinical evaluation of their disease together with a basal metabolic 
rate determination constituted the basis for deciding upon further treat- 
ment. The initial dosage varied widely but after the first few patients were 
treated we realized that much larger doses usually were necessary to effect 
a remission in the hyperthyroidism associated with nodular goiter than 
were necessary in those cases of Graves’ disease reported by Means 
(1948 (1)) and Soley (1948 (2)). Our first report on the use of radioactive 
iodine in nodular goiter in 1949 (Crile, McCullagh and Glasser (3)) gave 
the average number of millicuries needed as slightly more than twice that 
needed in the treatment of Graves’ disease. 

Thirty-three of the 37 patients mentioned have been followed six months 


TABLE 1. PATIENTS IN REMISSION, FOLLOWED SIX MONTHS OR MORE 








131 
‘ Dosage “— Average BMR 
Size of required to effect : 
before treat- 


gland remission ca t 
(millicuries) en ee 





Class IV . +33 
Class III : +40 
Class II : +44 
Class I ; +35 


Total average ‘ +39 





or more. Of the several followed for a shorter period of time, only those 
in remission when last seen will be discussed. It is felt that those followed 
less than six months and not in remission will add little to the present data. 
Concerning the 37 on whom we are reporting, 2 were in the fifth decade 
of life, 14 in the sixth, 12 in the seventh, and 9 in the eighth decade. 

The estimation of the size of the thyroid gland has been notoriously 
inaccurate. This has been particularly true in our patients with large nodu- 
lar goiters. In checking estimates, it became obvious that everyone con- 
sidered a large gland to be large and a small gland to be small. Therefore, 
we have grouped all of our thyroid weights into four classes. We have 
placed a gland in Class IV if it seemed to weigh over 150 grams; in Class 
III, if it appeared to be more than 100 grams but less than 150 grams; in 
Class II, if more than 50 grams but less than 100 grams; and in Class I, 
if it was less than 50 grams. 


RESULTS 


Twenty-eight of the 33 patients whom we have followed six months 
or longer are now in remission. In Table 1 are recorded the total dosages 
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required to effect a remission and the average basal metabolic rates of 
these patients. It can be seen that the largest or Class IV goiters required 
66.2 millicuries, the next largest or Class III goiters required 37.6 milli- 
curies, the Class II goiters required 30.6 millicuries, and the smallest or 
Class I goiters required 23.4 millicuries. The average basal metabolic 
rate before treatment in the various classes was +33 per cent in the largest 
goiters, +40 per cent in the goiters of Class III, +44 per cent in the 
voiters of Class II and +35 per cent in the group containing the smallest 
goiters. For this entire group of patients the average dosage of I'*! required 


TABLE 2. RELATIONSHIP OF BMR To SIZE OF TOTAL DOSAGE OF 
[31 IN PATIENTS IN REMISSION 








BMR, Dosage of [' 
per cent (millicuries) 





> +40 35 
>+30 <+40 40.1 
<+30 24.7 


Using only goiters in class II 
> +40 
>+30 <+40 
<+30 





to effect a remission was 37.3 millicuries, and the average basal metabolic 
rate was +39 per cent. 

In Table 2 an attempt has been made to compute the relationship be- 
tween total dosage required to effect a remission and the severity of the 
disease. Elevation of the basal metabolic rate has been used to evaluate 
the latter. The average total dosage of I'*! required to effect a remission 
in patients with basal metabolic rates of +40 per cent or above was 35 
millicuries; for those with basal metabolic rates between +30 and +40 
per cent, 40.1 millicuries; and for those with basal metabolic rates below 
+30 per cent, 24.7 millicuries. Feeling that the size of the gland was an 
important consideration in these figures, the same calculations were used 
for goiters in Class II alone, since the greatest number of cases fell in this 
classification. In. this category, it maybe seen that the average dosage 
for 6 patients with basal metabolic rates above +40 per cent was 29.3 
millicuries; for 3 with basal metabolic rates between +30 and +40 per 
cent, 35.3 millicuries; and for 2 with basal metabolic rates below +30 
per cent, 29.0 millicuries. 

Table 3 shows the changes in the size of the goiters following remission. 
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It will be seen that, of 5 goiters in Class IV, 2 regressed in size to Class 
III, 2 to Class II and 1 to Class I. Three which were Class III before 
treatment were classified as Class II following treatment and of the 1] 
estimated as Class II before treatment, 8 had changed to Class I following 
a remission of the disease. In each instance the patient volunteered the 
information that the gland had decreased in size. In none of our patients 
have we seen the goiter completely disappear. We are, of course, speaking 
of our cases of nodular goiter. 


TABLE 3. CHANGES IN SIZE OF THYROID GLAND FOLLOWING TREATMENT 








Before treatment After treatment 





5 glands in Class IV 2 in Class III; 2 in Class IT; 1 in Class I 
3 glands in Class III 3 in Class II 
11 glands in Class II 3 in Class II; 8 in Class I 





In 3 patients remission followed the administration of a single dose of 
I'*!, Two of these had moderate sized Class II goiters with basal metabolic 
rates of +48 and +52 per cent respectively and each patient received a 
single dose of 17 millicuries. The first patient was completely free of symp- 
toms when seen four months after his treatment dose of 17 millicuries. 
The second was not seen until six months after the initial treatment and 
at this time was in remission. The last of these 3 patients had a basal 
metabolic rate of +24 per cent and received 20 millicuries. The basal 
metabolic rate fell to +10 per cent in the fourth month but the patient 
was not free of symptoms until the sixth month following treatment. 

Table 4 shows a brief summary of basal metabolic rates before treatment 
and of radioactive iodine dosages in those patients who had a remission 
of their disease less than six months after the initial treatment. It is obvious 
that 3 cases do not fit into the pattern of the others. Patient No. 3 had a 
goiter classified according to size as Class III. The basal metabolic rate 
was +58 per cent. The hyperthyroidism was controlled after two doses 
of 8 and 10 millicuries respectively of radioactive iodine. Patient No. 4 
also had a gland classified in Class III with a basal metabolic rate of +35 
per cent in remission following an initial dose of 13 millicuries of radio- 
active iodine. Patient No. 6, had a small Class I goiter with a basal meta- 
bolic rate of +25 per cent and a remission of the hyperthyroidism was 
accomplished with an initial dose of 7 millicuries of I'*!. Interestingly 
enough, much discussion was provoked concerning the type of hyper- 
thyroidism in the patients shown as Cases 4 and 6. The opinions were 
about equal as to whether these were the diffuse glands of Graves’ disease 
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TABLE 4. REMISSION INDUCED IN LESS THAN SIX MONTHS 
AFTER INITIAL DOSE 








Total ae Months 
Initial 
before 


ae before pry dose "Months 
y (milli- followed 


treatment “sts : 
gland > (milli- : sion 
per cent : curies) 
curies) occurred 


BMR 





IV 
IV 
III 
III 
II 
I 

I 


+30 
+22 
+58 
+35 
+48 
+25 
+21 


42 
28 
18 
13 
17 

7 
14 


NR ee K& DOK DOD 


25 
28 

8 
13 
17 

7 
14 


13 


onOowW © 


or, SD 


No +22 26 
estimate 





or the nodular glands of toxic nodular goiter. Case 3 was classified unani- 
mously, prior to treatment, as a toxic nodular goiter rather than a goiter 
of Graves’ disease. 

In Table 5 are recorded summaries of 5 patients having hyperthyroidism 
in nodular goiters. These patients have all been followed six months or 


longer. None of these was in remission when last seen. The initial dosages 


TABLE 5. FOLLOWED SIX MONTHS OR MORE AND NOT IN REMISSION 








BME Total : Initial 
when No. 
of [)31 dose 
last of baie 
(milli- 


dosage 
seen, en Se doses : 

(millicuries) curies) 
per cent 


BMR 
before 
treatment, 
per cent 


Size of 
thyroid 
gland 


Months 
followed 





IV 
III 
II 
II 
No 


+44 
+37 
+30 
+20 
+44 


+36 
+25 
+24 
+16 
+32 


77 
27 
57 
44 
50 


27 


14 
10 
17 

8 
13 


estimate 





of I'*! are somewhat lower, with one exception, than those now prescribed 
in nodular goiter. Recently our usual initial dose has been between 17 
and 21 millicuries in the toxic nodular goiters. The patient with the Class 
IV goiter who has now received 104 millicuries, received as a second dose 
20 millicuries, and as third and fifth doses 27 millicuries each time. When 
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the fifth dose was given the basal metabolic rate was +34 per cent and 
the patient had definite signs and symptoms of hyperthyroidism. At this 
time the total dosage was 77 millicuries. We have not seen this patient 
since the last treatment dose of 27 millicuries was given. 

Of the 32 patients in remission, 9 had auricular fibrillation ate first 
seen. In one there has been reversion to a regular rhythm. The other & 
still had irregular rhythms when last observed. One of these patients had 
arteriosclerotic and rheumatic heart disease. 

To date, in no case of nodular goiter with hyperthyroidism which we 
have treated with radioactive iodine has myxedema been induced. 


DISCUSSION 


There seems little doubt that the hyperthyroidism of nodular goiter can 
be controlled in the majority of cases with radioactive iodine. We do not 
propose to discuss whether or not it is the treatment of choice in nodular 
goiter. We believe that in selected patients in the older age groups with 
small nodular goiters, in individuals who may be poor surgical risks, and 
in some persons who are definitely averse to operation, treatment with 
radioactive iodine may be an acceptable type of treatment. Certainly any 
nodular goiter showing recent growth in one or more nodules, or any 
goiter in which the character of the nodules raises the question of malig- 
nancy, should be removed. 

In our experience in treating the hyperthyroidism of nodular goiter 
with radioactive iodine the total dosage depends to a greater extent 
on the size of the gland than on the severity of the disease. With this in 
mind, and in view of the toxic effects reported here last year by the group 
from Memorial Hospital, one might question the desirability of treating 
the large goiters with the amounts of iodine necessary to control their 
hyperthyroidism, unless special indications are present. 

Most of the patients with nodular goiter whom we have treated with 
radioactive iodine have needed larger amounts of the iodine than have 
usually been necessary for production of remissions in Graves’ disease. 
One wonders if response to radioactive iodine therapy might not aid in the 
final correct classification of the type of disease present. 

If we theorize regarding the decreased response of nodular goiter to 
radioactive iodine as compared with the response usually seen in Graves’ 
disease, we might conclude 1) that the radioactive iodine gets lost in the 
colloid of a huge nodular goiter and, being relatively far away from the 
cells, fails to irradiate them effectively; or 2) that the nodules are in 
different states of activity and, as the hyperactive nodules regress, other 
nodules become hyperactive; or 3) that toxic nodular goiter is so totally 
different from the hyperplastic diffuse goiter of Graves’ disease that the 
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uptake of radioactive iodine is totally different, and thus the response to 
therapy differs as well. 
SUMMARY 


Some clinical observations on 37 cases of hyperthyroidism in nodular 
goiter, and the results of treatment with radioactive iodine have been 
presented. Thirty-two patients have had remissions of their disease fol- 
lowing the administration of varying amounts of this isotope. Five patients 
followed six months or longer did not have a remission when last seen. 
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AN EVALUATION OF RADIOACTIVE IODINE 
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LARSEN, M.D. anp ALFRED JARETZKI, III, M.D. 


From the Department of Surgery, Columbia-Presbyterian Medical 
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WO days before Pearl Harbor we administered a tracer dose of radio- 
active iodine to a patient with metastases to bone from a follicular 
carcinoma of the thyroid. In spite of the presence of her thyroid gland 
from which an encapsulated adenomatous neoplasm had been removed 
in another hospital seven years earlier, there was uptake in one of her 
metastatic foci (the right femur), which was 30 per cent of the adminis- 
tered dose. At the time, we did not realize how fortunate this finding, nor 
did we know that in other cases we should have to resort to various pre- 
liminary procedures, not the least of these being elective total thyroidec- 
tomy, before these capricious, potentially functional metastatic deposits 
could be induced to take up iodine and so radiate themselves selectively. 
Our first cases were failures partly because of the scarcity of the isotopes 
for clinical investigation during the war years, and partly because we had 
to learn 1) that in most instances the thyroid gland should be ablated, 
preferably by surgery but at least by isotope irradiation before therapeutic 
amounts of radioactive iodine would be taken up by the metastatic foci, 
and 2) not all of the neoplasms showed the same degree of differentiation 
in different metastatic foci. Parenthetically, we might add that this pe- 
culiarity of thyroid carcinoma has only recently been fully appreciated 
and may be the single factor which will lead to failure of arrest of the 
disease even in what appears to be the most favorable case. 

In the evaluation of any new therapy one must depend upon past ex- 
perience as a yardstick. Our experience with this disease (Table 1) now 
comprises 225 cases, of which 156 have a possible five-year follow-up and 
104 have a possible ten-year follow-up.' In about three quarters of these 
cases of thyroid carcinoma the neoplasm was of the relatively benign 
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type, slow-growing at least, although very probably not late to metastasize. 
We suspect that the metastatic seeding takes place early, but these foci 
may take years to become apparent clinically. Of this 75 per cent of 
relatively benign cancers, about half are predominantly papillary and half 
predominantly follicular. In general, the papillary type follows a pattern 
characterized by a. tendency to local recurrence, regional lymph node 
involvement and lung metastases. On the other hand, the follicular type, 


TABLE 1. PATIENTS WITH THYROID CANCER IN WHOM THERE WAS 
A POSSIBLE 10-YEAR FOLLOW-UP 


HISTOLOGIC GRADE 
GROUP I 
Malignant adenoma (follicular carcinoma) 
Living with disease 
Living without disease 
Dead of disease 
Dead of intercurrent disease 
Lost to follow-up 


Papillary carcinoma 
Living with disease 
Living without disease 
Dead of disease 
Dead of intercurrent disease 
Lost to follow-up 


GROUP II 


Living with disease 

Living without disease 
Dead of disease 

Dead of intercurrent disease 


GROUP III 


Living with disease 
Living without disease 
Dead of disease 


104 


or the so-called malignant adenoma, often does not recur locally even after 
simple enucleation, does not involve the regional lymph nodes, metasta- 
sizes early to bone and apparently only late to the lung. 

This latter clinical entity, the malignant adenoma, seemed the most 
favorable type for radioactive iodine treatment and originally we tried 
to limit our therapy to this group, contending that only about a third of 
all cases of thyroid cancer were potentially functional neoplasms and 
could be so treated. With greater experience, we have found exceptions to 
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TABLE 2, FIVE PATIENTS TREATED WITH [!*! IN MASSIVE DOSAGE 








Total 
: Foci of metastases Period of dosage Present 
Patient to bone therapy (milli- status 
' curies) 





Ti Apr. ’48—Mar. 821 No progression cf le- 
sion 


Skull Apr. ’48—Mar. 456 No progression of le- 
sion 


T; and sternum May ’48—Mar. 1,036 No progression of old 
lesions. ? metastases 
to brain 


Scapula and sacrum July ’48—Mar. 1,045 No progression of le- 
sions 


Multiple (also to lung) June ’49-Mar. ’50 694 ? progression; sta- 
tionary two months 
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the statements above, and exceptions in fact to all our rules. We are, there- 
fore, beginning to study other types with some hope that radioactive iodine 
therapy may have wider application. This is true of another particular 
clinical group, the ’teen-agers of both sexes with papillary carcinoma 
involving the gland and the lateral neck. We have used I'*! to complete 
the thyroidectomy in cases in which uptake after surgical removal is 5 
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FIGURE 2 


to 10 per cent of the administered dose and have used it occasionally as 
prophylactic postoperative therapy for small foci in the neck which might 
not have been removed in the radical dissection. The rationale of this 
procedure is perhaps less sound, but we have been encouraged by 1 patient 
in whom a recurrence was treated successfully by this means and who is 
free from evidence of functional thyroid tissue thirteen years after total 
thyroidectomy and bilateral neck dissection (at the age of 4) and seven 
years after isotope therapy. 

Out of 23 cases of follicular carcinoma studied by I! (tracer or auto- 
graph), therapy was attempted in 13: the remaining 10 had a local lesion 
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only. Of the 13 treated patients, 4 are dead (2 with insufficient dosage, 1 
with lung lesions which never showed uptake and of which the histologic 
structure was unfortunately not documented, and 1 with extensive bone 
lesions with minimal uptake and severe cerebral symptoms following 
craniectomy) ; 3 have no known metastases and have been given prophy- 
lactic postoperative therapy; 1 has never shown any uptake in the lung 
metastases and therapy has been abandoned; and 5 are currently under 
treatment. 

Four of the 5 favorable cases have been treated for approximately two 
years (Table 2 and Figs. 1-4). These patients had elective total thyroidec- 
tomy followed by I'*! therapy for bone lesions. In no case has a new focus 
developed in bone. In A.K. (Fig. 3), there is evidence of a cerebral lesion 
but no I'*! uptake has been demonstrated in the lesion and without therapy 
there has been regression of symptoms. R.B. has also had intensive therapy 
but has been under treatment for only nine months and has such extensive 


TABLE 3. Errect oF TSH on upTAKE OF [*! IN 2 PATIENTS 
NOT TAKING DESICCATED THYROID 








Uptake 





Patient Date I'5! therapy 
Skull 





L.K. (Fig. 2) 4/21/48 50 me. 2.5% 
5/26/48 TSH 
6/ 2/48 50 me. 0.87% 


Scapula Sacrum Neck 
G.D. (Fig. 4) 1/26/49 100 me. 2% 3% 1% — 6 
3/10/49 TSH, 380 mg. daily for 7? days 
3/16/49 100 me. 3% 6% 1% —10 
4/27/49 100 me. 2% 5% 1% + 5 





involvement of bone and lungs that although her metastases show a con- 
siderable degree of function as evidenced by their I'** uptake, it seems 
improbable that we can control the disease without doses which wou'd 
involve dangerous general body irradiation. Total dosage in these 5 cases 
is shown in Table 2. . 

Although A.K. (Fig. 3) has shown ominously low platelet counts and 
alarming leukopenia, there has been so far no suggestion of purpura al- 
though anemia has been striking. 

All of these patients are maintained on desiccated thyroid. Early in the 
study, tracer doses of I'*! given when the patient was taking thyroid, 
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showed very low uptake. Periods of withdrawal of the thyroid were insti- 
tuted approximately six weeks before tracer doses and therapeutic doses, 
and an attempt was made to enhance the uptake in the metastases by the 
administration of thyroid-stimulating hormone (TSH) in 2 instances 
(L.K., Fig. 2; and G.D., Fig. 4). This effort failed (Table 3). 

On the basis of the work of Stanley and Astwood (1), it was thought 
that administration of TSH might enable us to determine the amount of 
functional tissue present, which had not previously been determined 
because of the inhibiting effect of administered thyroid on the patient’s 
own pituitary function. Accordingly, to A.K. (Fig. 3) TSH was given in 
a dose of 30 mg. daily for three days and to M.T. (Fig. 1) in one dose 
of 30 mg. The results, shown in Table 4, have encouraged us to hope that 


TABLE 4. Errect oF TSH on upTakE OF |! IN 2 PATIENTS 
TAKING DESICCATED THYROID 








Uptake 
Patient Date 3! therapy - BMR, % 
Sternum Spine 








A.K. 10/ 5/49 tracer 12% 7% —14 
(Fig. 3) 10-12-49 100 me. 9% 6% 
10/26/49-1/27/50 —Desiccated thyroid 
1/27/50 tracer 3% 2% — 7 
1/29, 1/30 & 1/31/50 TSH, 30 mg. daily 
2/ 1/50 tracer 10% 7% —17 





Spine Neck 





M.T. 11/ 2/49 100 me. 0% 4% —26 
(Fig. 1) 11/6 /49-2/6/50 Desiccated thyroid 
2/ 7/50 tracer 0% 2% —11 
2/ 9/50 TSH, 30 mg. (one dose) 
2/10/50 tracer 1% 5% “—14 





we may proceed with further treatment in patients taking desiccated 
thyroid in whom there had been a previously low uptake in the metastatic 
foci. It should also avoid in the future the discomfort and disability 
incurred when patients were asked to discontinue thyroid medication. 


SUMMARY 


Obviously in a cancer so rare and so slowly progressive as the follicular 
carcinoma (malignant adenoma) of the thyroid, no conclusions can be 
drawn from a two-year study of 4 cases treated with massive doses of 
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[431, Tt can be said, however, that at least palliation has been effected; that 
2 of the patients who were bedridden were made ambulatory; that 2 
patients with pain, who had had x-ray therapy to and beyond the limit 
of skin tolerance, were further irradiated by I'*! with symptomatic im- 
provement; and that no striking progression of disease has occurred in 
these patients, whereas progression might have been anticipated on the 
basis of past experience with other cases of bone lesions not so treated. 
It is possible that the apparent arrest is due in part to the removal of the 
thyroid gland, and the treatment of the induced hypothyroidism by thy- 
roid medication, which eliminates the stimulating effect of the pituitary on 
the metastases. Whether the functional stimulation might be accompanied 
by acceleration of growth of the malignant neoplasm is a matter for specu- 
lation. All of these factors must be evaluated in further study, but at 
present we feel that this therapy is sufficiently promising to warrant such 
study in cases of advanced metastatic disease. 
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SOME SURGICAL PROBLEMS OF 
NONTOXIC GOITER* 


LAWRENCE W. SLOAN, M.D. 
From the Department of Surgery of the Presbyterian Hospital, New York, N. Y. 


ODAY interest centers predominantly in the experimental studies 

which are adding to our knowledge of the physiology of the thyroid 
and the therapy of its diseases, yet practical problems still arise in the 
management of these conditions, especially as they are related to surgery 
of the gland. To the surgeon falls the lot of making important practical 
decisions about treatment, which are modified by the knowledge being 
acquired from laboratory and clinical studies. 

Nontoxic goiter is a very common disease. Partial thyroidectomy for 
this condition is one of the operations most frequently performed. It is 
because it is so important for a doctor to be able to determine with dis- 
crimination and accuracy those patients who should be subjected to sur- 
gery that a discussion of this matter is thought to be worthwhile. The 
removal of goiters which produce or threaten tracheal obstruction, or 
those which are large and unsightly, presents technical problems only. 
There is no question about the indication for surgery in these cases. Goiters 
which are obviously highly malignant and rapidly growing present their 
own problems and these are generally concerned with the complications 
and management of terminal care. Surgery has little to offer and if 
attempted, may lead to greater difficulties or actually to disaster. There is 
no need to discuss these problems here. For the surgeon, the principal 
problems presented ¥by the nontoxic goiter deal with i) diagnosis, 1i) 
surgical measures having as their object prophylaxis against thyroid 
cancer, iii) the detection of the so-called “benign” forms of malignant 
neoplasms and iv) the surgical treatment of these neoplasms. 

The importance of being able to tell whether a goiter is nontoxic or toxic 
lies in a fact which may be considered thoroughly established, namely 
that the incidence of malignancy in toxic goiter is extremely low, a fact 
which applies to nodular goiters as well as to diffusely hyperplastic glands. 
The approach to therapy may be considerably modified by the physician’s 
judgment on this point. 

Toxic nodular goiter is preponderantly a disease of middle and old age 





Received for publication April 24, 1950. 

* Read at the Annual Meeting of the American Goiter Association, Houston, Texas, 
March 11, 1950. 

This article will be included in the bound volume of the ‘“‘Transactions of the Ameri- 
can Goiter Association,”’ published by Charles C Thomas, Publisher, which will be avail- 
able for sale early in 1951. 


1092 





September, 1950 PROBLEMS OF NONTOXIC GOITER 1093 


except in those relatively uncommon cases of true toxic adenomata. If 
toxic, the goiter may and often does complicate cardiovascular disease 
and should be treated either surgically or by one of the other measures now 
available to us. Not infrequently these glands are large, bulky and low 
in the neck, if not actually intrathoracic. Their surgical removal is de- 
sirable, but not necessarily so. There may be very good reasons for avoiding 
surgery. Certainly the danger of malignancy in these glands is not a reason 
for advising surgery; nor is it a good reason, in general, in nontoxic goiters 
with multiple nodules because the incidence of malignancy in nontoxic 
glands showing multiple degenerated areas within them is low also. Some 
perspective is desirable in the practical handling of a patient in this group 
who has a nodular goiter. The more important and the more difficult de- 
cision to be made here is not whether the gland is malignant but whether 
its presence is contributing to the patient’s disability, that is, whether it 
is toxic, whether it is causing some mechanical difficulty, or both. Without 
going much further into the matter of the toxic nodular goiter, it should be 
stated at this point that in coming to a decision whether this: type of goiter 
is toxic or nontoxic, one is forced to rely on objective evidence more often 
than in any other group. Many times it is an extremely difficult and im- 
portant decision to make and frequently there are factors of age and of 
complicating disease which make it seem better to try antithyroid drugs, 
including ['*!, than to subject the patient to surgery. At the same time, 
it must be remembered that these agents carry their risks too and that 
some of the most brilliant results of surgery are achieved in patients 
within this group. The decision is a matter of perspective, experience 
and judgment, taking many factors into consideration, some of which 
have been discussed. 

Occasionally one will be confronted with the problem of distinguishing 
between one of these bulky, nodular glands and either carcinoma or chronic 
nonspecific thyroiditis. The diagnosis may not be easy to make but fre- 
quently one is suspicious of a malignant neoplasm for one reason or an- 
other and a biopsy specimen is usually obtained. Ordinarily there is no 
clinical evidence of toxicity but in a few patients with struma lymphoma- 
tosa (Hashimoto’s struma) there may be clinical signs of toxicity, slight 
or moderate elevation of the basal metabolic rate and an elevated I! 
uptake. In a gland suggesting malignant change on physical examination, 
but with a high I'*! uptake, whatever the age of the patient (one of ours 
was a boy aged 9) the surgeon is justified in strongly suspecting Hashi- 
moto’s struma and proceeding with removal of the isthmus of the gland 
as a biopsy specimen for establishing the diagnosis with certainty. This 
sort of situation obviously rarely presents itself but it is a point worth 
mentioning. 
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The most important problems with which the surgeon has to deal are 
with the prophylaxis, the detection, and the treatment of the less malig- 
nant forms of thyroid neoplasms 7.e., the papillary, follicular and Hirthle 
cell carcinomas (Group I neoplasms). In the final analysis, the question 
is usually resolved by the pathologist, but the surgeon, and the practitioner 
of medicine must both be made aware of features of the natural history, 
the physical and laboratory findings and other data which are characteris- 
tic of, or make one suspicious of this type of disease. 

The natural history of all of these neoplasms is characterized by long 
periods of either complete growth-inactivity or of extremely slow growth, 
usually a matter of years, followed by periods of relatively rapid growth 
and eventually by widespread dissemination. The papillary forms usually 
metastasize to soft parts only, and the follicular forms to soft parts and 
bone. We have come to the conclusion that the disease probably starts 
very early in life, at least in the majority of cases of papillary carcinoma. 
Since it appears clinically as nodules in the neck both within and outside 
of the thyroid area, any chronic neck nodules in a child or young person 
must be suspected as cancer; in fact any nodular goiter in a child, juvenile 
or young adult, must be considered carcinoma until proved otherwise. 
Our experience in this respect is similar to that in other clinics in which the 
matter has been subjected to analysis. That childhood goiters will not all 
turn out to be neoplasms, however, is shown by the case of a young boy 
with a Hashimoto’s struma and a few who had simple nodular goiters. 

At what point dissemination occurs one can only conjecture. In the 
papillary type or in a neoplasm containing papillary elements there is some 
reason to believe that seeding occurs at an early age. We know that neo- 
plasm may appear in distant foci years after the primary focus in the neck 
has been removed or years after evidence of growth has ceased at the 
primary site. The practical point is that these neoplastic cervical nodules 
must be investigated and removed as soon as they are detected and this 
usually means’ at least a total thyroidectomy because these papillary 
tumors are sometimes found in multiple areas in the gland, frequently 
microscopic in size. They may not be outside of the gland, although one 
cannot be certain about this, even though nothing is palpable there. Evi- 
dence is accumulating that when they are outside of the gland as so- 
called ‘lateral aberrant thyroid tissue,” there is at least one primary focus 
within the gland. Therefore, in patients who have known disease of the 
papillary type in the nodes of the neck, it is necessary not only to remove 
these nodes, but also to ablate the thyroid. The problem of how much 
to do in these cases is a very vexing one. The patients are usually girls or 
young women. In these young patients, it is our present policy in the 
papillary forms to do a total thyroidectomy even if no nodules are pal- 
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pated outside of the gland. If nodules are palpated outside of the gland, 
a total thyroidectomy is done and a unilateral or bilateral neck dissection 
carried out, depending upon what is found in the neck and what is found 
microscopically in multiple, or serial sections of the gland. 

A surgeon is naturally reluctant to perform such an extensive and pos- 
sibly deforming operation on a youngster, especially when by so doing 
the risk is incurred of interfering with growth, development and function. 
But he must not allow this reluctance to interfere with his decision to 
treat these young patients radically because it is his great opportunity 
to eradicate the disease while it is still local. Frequently the clinical 
features are so clear cut in these cases that the surgeon may proceed with 
a block dissection, thus avoiding traumatic dissemination of the tumor. 

At the present time we are debating whether to apply this policy to 
patients in the older age groups as well. Our reason for not having done so 
in the past is that so many patients 40 years of age and over with limited 
resections for papillary carcinomas have gone so long without evidence 
of persistence or spread of the disease. At the present time we are following 
the plan of performing a hemithyroidectomy when a suspicious gross 
solitary nodule is found or when a frozen section biopsy specimen shows 
a papillary growth. Either then or subsequently the other lobe is removed 
if multiple foci are found in the first specimen examined. The indications 
for neck dissection are the same as in younger patients. 

Something should be said here about neck dissection in these cases. In 
the first place the so-called ‘‘standard”’ neck dissection was devised for 
the removal of neoplastic-metastatic disease originating in and about the 
mouth, face, and head. It should be noted that this does not completely 
fit the conditions pertaining to the spread of malignant disease from the 
thyroid gland. It is true that some of the lymphatic channels are common 
to both regions, but in thyroid cancer it is uncommon for the disease to 
spread to the submental and submaxillary areas. On the other hand it is not 
uncommon for carcinoma of the thyroid to spread at least as far as the 
anterior mediastinum along the pretracheal lymphatics. These lymphatics 
have been found to be grossly and microscopically involved in a number 
of our patients and that this route of spread has been followed in other 
cases may be inferred by the later course of events when patients are 
found to have pleural and pericardial metastases and even subpectoral 
node metastases. In every total thyroidectomy for carcinoma of the 
thyroid an effort should be made to remove the-fat and lymphatic tissue 
below the thyroid gland from behind the manubrium in front of and 
alongside the trachea. One is usually surprised at the amount of tissue to 
be found in this region. In doing this, caution must be used to avoid in- 
juring the recurrent laryngeal nerves and removing the inferior parathy- 
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roid glands. On the basis of experience it would seem to us that the fascial 
dissection of the lateral neck regions and pretracheal areas is the logical 
procedure for the papillary type of thyroid carcinoma and for the other 
types in which neck dissection is to be done at all. In any event one point 
should be stressed, namely the preservation of sufficient functional para- 
thyroid tissue at almost any cost, because of the difficulty of management 
of severe hypoparathyroidism. One nerve may have to be sacrificed but 
if both are actually invaded the process in all likelihood is so extensive 
as to be inoperable. 

The problem of the follicular type and Hiirthle cell carcinomas of the 
thyroid is somewhat different. We are confronted here first with a problem 
in diagnosis. These tumors are not infrequently solitary and discrete. 
Therefore they may be confused with ordinary nontoxic nodular goiters, 
particularly cysts, and with true benign neoplasms (papillary, fetal, etc.). 
In the first place the diagnosis of a solitary nodule in the thyroid by physi- 
cal examination is usually wrong. At operation, multiple nodules are 
found ordinarily and this finding in itself in older patients is reassurance 
that the dominant mass is not malignant. However, it is wise to cut the 
specimen and examine it, and then to submit it to a pathologist for ex- 
amination, including frozen section if there is reasonable doubt. In those 
cases in which a solitary solid nodule is found, even though we may not be 
particularly suspicious that it is a malignant neoplasm (as evidenced by 
lack of adherence to adjacent structures or the soft consistency of a benign 
tumor), we usually perform a total lobectomy, going far enough into the 
opposite lobe to be wide of the mass. This tissue then will be submitted 
for examination, including frozen section, and if it proves to be a papillary 
carcinoma, a total thyroidectomy will probably be done. If it proves to 
be a follicular type of carcinoma, a simple adenoma or a nontoxic nodular 
goiter, nothing further is done at that time. 

Most of these patients now will have been given tracer doses of [?*. 
Chest and skeletal surveys will have been made or will be carried out for 
evidence of metastatic disease, radioautographs will be made of the 
excised tumor and the subsequent plan of therapy will depend upon the 
results of these examinations. If evidence of distant spread of the disease 
is discovered and the tumor is partly or wholly a follicular type of malig- 
nant neoplasm which is found to have taken up radioactive iodine, the 
remainder of the gland will be removed either surgically or by I'*! ablation. 
About six weeks then will be allowed to elapse to permit the metastatic 
deposit to acquire function if it is capable of doing so (or the patient 
may be given thyroid-stimulating hormone or propylthiouracil to induce 
function in the metastases). Then the patient is given therapeutic doses 
af 3. 
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At the present time in our clinic this is the usual plan of management 
in patients with, or suspected of having solitary, discrete nontoxic nodules. 

It is surprising that these goiters are missed for such a long time. One 
would expect in a region of the body as accessible to observation and 
examination as the neck that nodular goiters especially would be noted 
and accurately described. But as with the breast, this is seldom the case. 
One should be able to make at least a shrewd guess whether a goiter is 
nodular or diffusely enlarged, for we have seen how important the accuracy 
of such an observation may be, especially in young individuals. Many 
children have prominent thyroid glands which are physiologically en- 
larged. The occasional nodular one probably will be a cancer. 

We have found, as have others, that the incidence of cancer of the 
thyroid in nodular glands is higher in men than in women. Therefore one 
should be particularly careful in the examination of these patients. Prob- 
ably operation should be recommended more frequently for men with 
nodular goiters, although in general the same criteria and plans of pro- 
cedure should be followed as with women. 

Having operated upon thousands of nontoxic goiters during the past 
several years, it might be expected that by this time we should have 
some notion whether cancer has thereby been prevented, but actually we 
have little information about this because our follow-up data on this 
group of patients are lamentably meager. On the well-established assump- 
tion that cancer usually develops in a previously existing goiter an ap- 
preciable amount of cancer should have been prevented. The information 
which we have been able to gather from our own records indicates that 
the incidence of cancer detected five years and longer after partial thy- 
roidectomy for nontoxic goiter is very low—lower than the overall inci- 
dence of cancer in nodular goiter. However, the number of cases followed 
in this group is too small to be significant and the follow-up period too 
short, in view of the nature of the disease. Three cancers have been 
found subsequent to operation for simple nontoxic goiter in our clinic. This 
would seem to be confirmatory evidence that the incidence of cancer is 
low in simple multiple nodular goiter. 

Probably a number of carcinomas were removed completely in instances 
in which the true nature of the disease was not diagnosed, either because 
insufficient material was examined or the diagnosis was incorrect. The 
criteria of malignancy by histologic study are not yet absolute or infal- 
lible. Confusion in diagnosis is neither the sole property of the pathologist 
nor of the surgeon. This might imply that with the two working together 
confusion might be worse confounded but actually within our own group 
at least, the surgeons have found close cooperation with the pathologist 
to be of great assistance. 
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SUMMARY 


In summary then, we may say that aside from the problems which the 
surgeon faces in dealing with nontoxic goiter for which surgery is obviously 
indicated, the importance of discussion of the subject lies chiefly in the 
relationship this form of disease bears to cancer of the thyroid. Although 
it is recognized that the incidence of thyroid cancer in the general popula- 
tion is low, yet it must be realized that nodular goiter is very common and 
that in the front against cancer, one of the outposts is the clinician who 
knows the facts about this relationship. It is important for the clinician 
to know when he is feeling a nodular goiter. Smooth, diffusely enlarged 
goiters and those containing multiple nodules in older individuals unless 
hard and fixed are seldom cancer, and if they are cancers, they are probably 
hopelessly incurable. Nodular goiters in children, juveniles and young 
adults are eancers until proved otherwise, especially if there are in addition 
cervical nodules outside the gland. Men with nodular goiters should be 
examined with especial care and operation probably advised. Patients with 
glands which seem on careful physical examination to. contain solitary 
discrete nodules are candidates for operation regardless of the consistency 
or degree of fixation of the mass; and if nodules are palpable outside of the 
gland there is added reason for surgery. The natural history of the less 
malignant types of thyroid cancer is long and probably starts at a very 
early age with early dissemination, so when detected, adequate and 
appropriate operation in the above group should be urgently advised and 
performed without delay 

The pooled experience with thyroid cancer of a group of interested 
clinicians and investigators has been responsible largely for the approach 
we take and for the methods we employ in dealing with nontoxic goiter. 
It is this experience which forms the background of the foregoing discussion 
and is based upon personal follow-up and laboratory studies of 156 patients 
with thyroid cancer, all of whom have been followed for periods of five 
years or over and 104 of whom have been followed for ten years or over. 





INDICATIONS FOR NECK DISSECTION IN 
CARCINOMA OF THE THYROID* 


RICHARD B. CATTELL, M.D. 
From the Department of Surgery, The Lahey Clinic, Boston, Massachusetts 


ROGRESS has been made in the treatment of carcinoma of the thy- 

roid by its earlier recognition, by a more radical surgical approach 
and by better radiation therapy. Furthermore, the use of radioactive 
iodine as a means of study and treatment of metastatic nodules as reported 
by Seidlin (1), Trunnell (2), Dobyns (3) and others has increased our 
knowledge of the function and behavior of thyroid malignancy. Earlier 
experiences with cancer of the thyroid demonstrated that the results left 
much to be desired when incomplete operations followed by radiation 
therapy were the methods of treatment employed. It is recognized today 
that the best results are obtained by radical operation followed by ade- 
quate roentgen therapy. 

It is the purpose of this report to outline the indications for neck dis- 
section in the presence of the different types and extents of carcinoma of 
the thyroid, as at present employed at the Lahey Clinic. It is felt that there 
has been no clear cut accepted indication for the employment of neck 
dissection and it is hoped that our limited experience at the present time 
on this problem may be of some aid in arriving at a proper solution. 

In the five-year period, 1945 to 1950, neck dissections on one or both 
sides have been carried out in 52 patients. All patients have received 
roentgen therapy postoperatively. It is, of course, impossible to report on 
the results of such therapy except during a short period of observation. 
The important finding in this group of cases was the fact that 88 per cent 
had involvement of the cervical nodes. It is well recognized that the life 
history of carcinoma of the thyroid shows that it may be slow-growing 
or it may remain dormant for years, but does eventually cause death in a 
considerable proportion of cases. This has been emphasized by Ward (4), 
Frazell and Foote (5), Crile (6), Pemberton (7), and Lahey, Hare and 
Warren (8). In the light of our present knowledge, the operative procedure 
should be extended to include removal of the cervical nodes on the affected 
side to give the best chance for cure. 
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In our clinic we have been through three periods of surgical treatment 
for thyroid cancer. The first was chiefly concerned with establishing the 
diagnosis by biopsy and the relief of pressure by tracheotomy, followed by 
roentgen therapy. The second period consisted of total lobectomy or total 
thyroidectomy, followed by more adequate roentgen therapy, which 
yielded some improvement in end results. During this period, occasional 
neck dissections were carried out subsequent to the operation on the 
thyroid when the nodes were shown to be involved by clinical examination 
or by biopsy. 

During the past five years we have combined lobectomy or total thy- 
roidectomy with neck dissection much more frequently, and feel that this 
method of extending the operation offers the possibility of further improve- 
ment of the end results. In the light of the fact that nodes were involved 
in 88 per cent of these patients having neck dissections, it would seem that 
this is a common finding with carcinoma of the thyroid and that neck 
dissection should be more frequently adopted. 

Carcinoma of the thyroid may spread by a number of routes. In our 
experience the commonest spread is a contiguous invasion of surrounding 
structures. The prethyroid muscles, particularly the sternothyroid muscle, 
are frequently involved. Similarly, direct spread may occur to the carotid 
sheath and its contents, but particularly, direct invasion may occur 
through the middle thyroid vein to the jugular vein. The trachea and 
esophagus may be directly involved and extension may occur into the 
upper mediastinum. 

Spread through the lymphatics to the deep chain of cervical nodes 
with later involvement of the more superficial nodes is common. Lymphatic 
extension into the mediastinum likewise is noted. Cope (9) called attention 
to the early involvement of the Delphian node even when the clinical and 
operative diagnosis could not otherwise be established except by micro- 
scopic section. 

Blood vessel invasion within the primary tumor of the thyroid is a 
frequent finding as originally called attention to by Allen Graham in 
1926. So far as the eventual result goes, in the presence of this finding we 
cannot predict the prognosis. An analysis of our own cases by Warren (10) 
showed that when, on microscopic examination, this finding alone was the 
only indication of possible malignancy, approximately 6.3 per cent Laue a 
a malignant course. 

The decision to perform neck dissection can be reached by two means— 
clinical and histologic. The diagnosis of carcinoma of the thyroid may be 
obvious from the examination of the patient. If a lobe is hard and fixed 
and there is a history of rapid growth with or without demonstrable cervi- 
cal nodes, a presumptive diagnosis of carcinoma can be made and a proper 
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operation planned. Under such circumstances we believe that neck dissec- 
tion and total lobotomy of the homologous lobe should be undertaken at 
the initial procedure, confirming the diagnosis at operation by biopsy. If 
there is involvement of all of the thyroid with nodes present on both sides 
and probable mediastinal involvement, neck dissection is probably not 
indicated, as total thyroidectomy followed by roentgen therapy will ac- 
complish as much as possible in the way of palliation. 

The patient with frank thyroid cancer does not present such a difficult 
problem in planning surgical therapy; it is rather the one in whom malig- 
nancy was unsuspected, but demonstrated on microscopic study subse- 
quent to operation. Without question, the most important means of attack- 
ing the problem of thyroid cancer is the early removal of discrete nodules, 
in which the incidence of malignancy is high. Although the figures from dif- 


TABLE 1. NECK DISSECTION FOR CARCINOMA OF THYROID 
TYPE OF MALIGNANCY 








Adenoma with blood vessel invasion 
Papillary cystadenoma, malignant 
Papillary adenocarcinoma 
Alveolar carcinoma 
Carcinoma simplex 

Small cell 8 

Giant cell 3 


Total 





ferent clinics vary widely, Cole (11) has found malignant degeneration in 
24 per cent of discrete nodules, Crile in 24 per cent, Ward in 15 per cent and 
we have found it in 10 per cent at the Lahey Clinic (12). In the light of 
these figures, is total lobectomy indicated for all discrete nodules because of 
the frequency of carcinoma in them? Certainly it is justified whenever the 
adenoma is adherent or shows capsular invasion. In many patients the 
question can be answered by immediate frozen section examination, which 
will also give the information needed for making a decision relative to neck 
dissection at the initial operation. If malignancy is proved, neck dissection 
should be accepted as part of this procedure, particularly if a papillary 
tumor is found. If the diagnosis of malignancy is established only after 
later histologic examination, neck dissection can be carried out at that time 
during the same hospital admission. 

The decision for or against neck dissection for carcinoma of the thyroid 
can be made on the basis of the type of malignancy as reported by the 
pathologist. Table 1 shows the type of malignancy present in the 52 
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patients submitted to neck dissections by us during the past five years. 
A review of our experience with this series of cases indicates that with 
extensive malignancy, such a procedure may not be justified by the results. 


ADENOMA WITH BLOOD VESSEL INVASION 


When a discrete nodule has been removed that shows blood vessel inva- 
sion within the localized tumor as the only finding suggesting malignancy, 
one cannot consider such a lesion as being definitely carcinoma. Further- 
more, if spread has occurred, it probably has passed beyond the field of 
possible surgical extirpation. With this finding, neck dissection is not indi- 
cated unless nodes can be palpated. In only 1 patient in this series was neck 
dissection done and no involved nodes were found. It is important, how- 
ever, to state that blood vessel invasion was present in 23 patients in whom 
other signs of malignancy were present. 


PAPILLARY CYSTADENOMA, MALIGNANT 


This small group of 8 patients had a relatively low grade of malignancy. 
The diagnosis was usually made by biopsy of a cervical node or by micro- 
scopic examination of a discrete adenoma, Capsular invasion was charac- 
teristically present. This group is part of the papillary tumors, all of which 
must be considered malignant. Crile has suggested that local excision of 
nodules lateral to the jugular vein or sternocleidomastoid muscle may be 
sufficient for control. In spite of their slow rate of growth, one cannot eradi- 
cate all possible involvement in the glands without at least unilateral 
neck dissection and lobectomy on the same side. These tumors may develop 
into papillary adenocarcinoma if left in situ. They fall into the debatable 
group formerly termed “lateral aberrant thyroid.’”’ Warren and Feldman 
(13), in reviewing 56 of our patients, found the homologous lobe of the 
thyroid involved in over 90 per cent, indicating probable origin from the 
median anlage of the thyroid, that is, a definite carcinoma of the thyroid 
with metastases to the lateral cervical nodes. Although such a theory will 
not explain all cases, we concur with their opinion that most of the lateral 
papillary tumors are metastases. Irrespective of their mode of origin, 
however, whether from the median or lateral anlage, the indication seems 
clear for a neck dissection in all cases. 


PAPILLARY ADENOCARCINOMA 


This is the largest group of patients, 24 in number, that we have sub- 
mitted to neck dissections, but we have included solid adenocarcinomas in 
this category. These tumors have the same frequency of involvement of the 
cervical nodes as the malignant papillary cystadenomas, and require neck 
dissection. Frequently, foci of alveolar carcinoma or carcinoma simplex 
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may be present, particularly in the lymph node metastases. Invasion of 
contiguous structures both at the primary site and around the metastases 
are common, making a block excision mandatory in order to have any 
possibility of eradication of the malignancy. 


ALVEOLAR CARCINOMA 


Eight patients with alveolar carcinoma had neck dissection performed. 
Nodular involvement is the rule in this type of malignancy, yet we have 
encountered it in a discrete adenoma without palpable nodes. A report, 
however, of alveolar carcinoma is sufficient indication for proceeding with 
neck dissection on that side. 


CARCINOMA SIMPLEX 


In this group are the most extensive and rapidly growing of the thyroid 
carcinomas. We agree with Pemberton (7) and with Black (14) that radical 
operations are rarely indicated when the extensive involvement of a diffuse 
small cell carcinoma or giant cell carcinoma is present. We have, however, 
performed neck dissections in 11 patients with this type of tumor, but have 
obtained the poorest results, as would be anticipated, in any of the types 
of thyroid malignancy. As the author recommended in 1946 (15), in this 
type of thyroid cancer we attempt as complete removal of the primary 
tumor as possible, perform tracheotomy, and follow the operative treat- 


ment by adequate roentgen therapy. Partial neck dissection may be feasi- 
ble in order to remove large portions of malignant extensions of the glands 
for the purpose of permitting more effective radiation therapy. We have 1 
patient living eight years after the removal of an extensive giant cell carci- 
noma with this combined treatment. 


EXTENT OF INVOLVEMENT 


In the group of 52 patients who had neck dissections, 6 were found to 
have no involvement of the cervical nodes or soft tissues removed in the 
dissection, but 46 or 88.5 per cent had involvement of the nodes (Table 2). 


TABLE 2. NECK DISSECTION FOR CARCINOMA OF THYROID 
EXTENT OF INVOLVEMENT 








Thyroid only (nodes not involved) 11.5% 
Cervical nodes 

Blood vessel invasion and nodes 17 88.5 
Blood vessel invasion, nodes, soft tissues 5% 
Nodes and soft tissues 


Total 100.0% 
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As will be noted in this table, extensive involvement was present in a high 
percentage of all patients submitted to this operation. In 18 patients, in- 
volvement was limited to the nodes; but in 17, the finding of blood vessel 
invasion in the area of metastases was noted. In addition to this, 11 pa- 
tients had soft tissue involvement as well as node and blood vessel involve- 
ment. Neck dissection in this series thus was the means of removal of many 
metastases and was justified in this selected group. After a sufficient post- 
operative time interval the results may further justify our present opinion 
that neck dissection should be done in an increasing number of patients 
with thyroid malignancy. 


THE OPERATION OF NECK DISSECTION 


This operation can be carried out as part of the removal of the primary 
thyroid malignancy or at any time subsequent to it, depending upon the 
indications. The amount of the thyroid gland that should be removed either 
by total lobectomy or total thyroidectomy will depend upon the extent of 
the primary lesion. The prethyroid muscles, including the sternohyoid, 
sternothyroid and omohyoid muscles, together with the sternocleidomas- 
toid muscle, the internal jugular vein, and the deep cervical chain of nodes, 
should be removed by block dissection. The field of operation frequently 
includes the entire occipital triangle and submaxillary triangle. If a uni- 
lateral thyroid removal is done, the parathyroids are sacrificed on that 
side. It may be justifiable to remove the vagus nerve or the recurrent nerve 
if it is included in involvement that can be satisfactorily removed. If, as in 
the case of some papillary tumors, there is involvement of the opposite side, 
bilateral neck dissection is done with a few days interval between opera- 
tions but the jugular vein is saved on the least involved side. Tracheotomy 
is frequently found advisable at the completion of the dissection. Operation 
is performed under general endotracheal gas-ether-oxygen anesthesia. 

There has been no operative mortality in the 52 patients submitted to 
neck dissection with partial or total thyroidectomy. All patients have re- 
ceived postoperative roentgen therapy and some recent patients have 
been treated by Dr. Hugh F. Hare in conjunction with Dr. John Trump 
with the two million volt machine at the Massachusetts Institute of Tech- 
nology. If respiratory obstruction is avoided by frequent tracheotomies 
which are maintained until the completion of radiation therapy, there are 
few complications other than that of recurrence. In high dissections, the 
depressor anguli oris branch of the facial nerve may be divided. The tho- 
racic duct was injured in 1 patient, resulting in a temporary fistula which 
closed following continuous suction, and the thoracic duct was ligated in 
the neck in a second patient, without complications. 

Three patients of this group are already dead of recurrence. The first 
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patient, a woman of 35, had a 2.5 cm. nodule in the right lobe of the thy- 
roid for one year. Excision was performed on August 11, 1948, for an 
encapsulated adenoma without clinical evidence of malignancy. Micro- 
scopic examination showed carcinoma simplex of the small-cell compact 
type with extensive blood vessel invasion. On August 20, 1948, neck dis- 
section was carried out and the nodes and soft tissues showed no malig- 
nancy. The patient died February 1, 1950, sixteen months after operation, 
with metastases to the orbit, brain, chest and pelvic bones. 

The second patient, a girl of 16, had an increasing thyroid enlargement 
for six months, which was removed elsewhere July 3, 1947, and shown to be 
a small-cell carcinoma. Neck dissection and lobectomy were carried out 
July 10, 1947, and showed carcinoma simplex with blood vessel invasion 
and metastases to two of thirteen lymph nodes examined, and some tissue 
invasion as well. She died March 30, 1948, nine months later, with pul- 
monary metastases. 

The third patient, a woman of 55, had a swelling in the thyroid for 
seven years which had showed sudden growth for three months. She was 
found to have involvement of both lobes with metastases to the nodes in 
the left neck. Total thyroidectomy and left neck dissection were performed, 
and the neoplasm was found to be a small-cell carcinoma with involvement 
of the nodes. She died twelve months later with metastases to the ileum, 
pleura and mediastinal nodes. 

Two additional patients already show diffuse pulmonary metastases in 
three and four months after operation. One had a papillary adenocarci- 
noma and the other a giant-cell carcinoma, but both specimens showed 
blood vessel invasion. Although the finding of blood vessel invasion in 
frank carcinoma of the thyroid is a serious prognostic sign, as indicated 
by the 3 patients who are already dead and the fourth with pulmonary 
metastases, there are 23 other patients with this finding who are free of 
recurrence during a period up to five years after operation. 

The utilization of neck dissection is well illustrated by the following case. 
In a girl of 5 years, a 1 cm. nodule appeared in the upper left neck in August 
1949. There was gradual enlargement. Early in January 1950, nodes were 
found on both sides of her neck and on January 6, 1950, the original nodule 
was removed. Microscopic examination showed metastatic papillary adeno- 
carcinoma with foci of carcinoma simplex. 

On January 18, 1950, radical neck dissection and total lobectomy were 
performed on the right side. Because of local invasion, the recurrent nerve 
and phrenic nerve were sacrificed. The microscopic report was papillary 
adenocarcinoma with foci of carcinoma simplex, invasion of soft tissues 
and involvement of 11 of 29 lymph nodes examined. On January 26, 1950, 
the total thyroidectomy was completed with a modified left neck dissection, 
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differing only from the one on the right side in that the internal jugula: 
vein was preserved. Microscopic examination showed papillary adenocar- 
cinoma with 6 of 23 lymph nodes involved. Tracheotomy was performed 
at the conclusion of the second dissection. Roentgen therapy with the two 
million volt machine has been completed. 

It is in this type of papillary tumor, particularly in children and young 
adults, that either unilateral or bilateral neck dissection and total thy- 
roidectomy should be employed. 


SUMMARY 


Experiences in the treatment of thyroid carcinoma demonstrate that 
involvement of the cervical nodes on the same side is common. Invasion 
of the prethyroid muscles, veins and soft tissues is frequently observed. 
Surgical extirpation of the tissues in these zones of spread may be accom- 
plished in some cases by neck dissection on one or both sides. 

A series of 52 patients submitted to neck dissection is reported. The oper- 
ation includes lobectomy or total thyroidectomy with removal of the 
prethyroid muscles, sternocleidomastoid muscle, internal jugular vein and 
deep and superficial lymph nodes. 

Indications for neck dissection have been presented, based on the clinical 
and operative findings, as well as on the type of carcinoma present. 


Particularly for malignant papillary tumors, neck dissection offers a 
better chance for cure and should be done in an increasing number of 
patients with this type of malignancy. 
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THYROGLOSSAL TRACT LESIONS* 
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ESIONS of the thyroglossal tract are found in postnatal life because 
of irregularities in the development and growth of the thyroid giand. 
Studies of the origin of this gland indicate that two major types of entities 
may result from such abnormalities: 1. Accessory thyroid tissue may be 
found anywhere from the base of the tongue to the arch of the aorta. 2. 
Remnants of pharyngeal mucosa may persist in the normal thyroid or be 
found anywhere along the path of its growth. From these undestroyed cells 
of the embryonic pharynx, cysts, fistulae or rarely malignant lesions, may 
arise (1, 2, 3). Sinuses are usually the result of injudicious surgery or spon- 
taneous rupture of an abscess. Before considering the 55 clinical examples 
of these problems that are the basis of this report, it is essential to renew 
our knowledge of the differentiation and growth of tissue that made them 
possible. 

The thyroid gland begins as a ventral outgrowth of pharyngeal cells 
about the fourth embryonic week of life (4). This cord of cells, frequently 
with a lumen at first (3, 5) arises midway between the primordia of the 
tonsils (6). It is generally agreed that this area is between the open ends 
of the second branchial arch in what is called the tuberculum impar (7) or 
furcula (8). This evagination is apparent in the 2.6 mm. embryo. In addi- 
tion to the specialized cells that develop into the thyroid epithelium, other 
elements of the pharyngeal mucosa are mechanically incorporated in this 
anlage (4, 9, 10). Thus lymphoid tissue as well as squamous or ciliated 
epithelium may be found along the course taken by the developing thyroid 
or even within the substance of the adult gland. Patten (11) feels this 
primordium is bilobed almost from its inception. In the 6.5 mm. embryo 
the strand has usually separated from the tissue of the pharyngeal floor. 
Soon after its outgrowth from the pharyngeal floor it lies in intimate rela- 
tion with the developing pericardium and arch of the aorta (12). Soon 
thereafter, the condensation of the mandibular arch above and the second 
arch behind hold this bilobed or shield-shaped group of cells of the thyroid 
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anlage in the primitive neck region while the rapidly enlarging cephalic 
portion of the embryo grows away from the trunk (13). As continued pro- 
liferation of the thyroid anlage takes place, it follows the developing great 
vessels of the neck laterally and slightly upward. This extension brings the 
median thyroid anlage into relation with the fourth branchial pouch and 
into the controversy of a possible dual origin for the lateral thyroid 
lobes. 

In the neck region, during the fifth week of embryonic life, a group of 
clear cells appears which is the anlage of the hyoid bone. These cells arise 
from the mesenchymal condensations of the second and third branchial 
arches (12) and most embryologists agree that they appear dorsal to 
the thyroid strand (8, 14). Wenglowski (8) has given the most accurate 
description of the relationship of the hyoid anlage to the thyroid strand. 
He feels that the thyroid strand is broken up by the developing hyoid, due 
to areas of pressure produced by the growing bone. Compression of the 
strand by a horizontal ridge developing on the midportion of the hyoid 
forms one point of interruption. Another area of pressure exists at the 
inferior border of the hyoid (Fig. 1). In these locations at least, the thyroid 
cells are destroyed by pressure atrophy and are replaced by connective 
tissue that fuses with the periosteum of the surface of the hyoid bone. As 
the hyoid matures and rotates to assume its adult position, the thyroid 
strand is drawn posteriorly at the inferior edge of the bone. Cells of the 
thyroid strand that persist are most commonly found on the posterior 
inferior border of the hyoid, next most commonly on the anterior superior 
surface, and least commonly on its anterior inferior surface (9). Obviously 
these undestroyed cells may cause pathologic conditions in later life. 

Formation of the ductus lingualis is usually discussed in connection with 
the anlage of the thyroid gland. The evidence seems to indicate that there 
is no direct relationship between the lingual duct and the thyroglossal 
strand. Although the foramen cecum in the tongue is usually cited as the 
postnatal landmark for the origin of the thyroid it may perhaps be more 
accurately designated as the point of union of the paired buds that form 
the base of the tongue, covering over the point where the thyroid began 
(12, 15). If this be so, the foramen cecum marks the pharyngeal opening 
of the ductus lingualis. Since this duct contains both ciliated and stratified 
epithelium many cysts at the base of the tongue may arise from remnants 
of the lingual duct and be erroneously designated as thyroglossal remnants. 
The differentiation seems unimportant, due to the rarity of the lesion. 

The thyroglossal strand normally segments and disappears by the eighth 
embryonic week. Wenglowski (8) feels that failure to disappear means that 
the cells persist for the entire life of the organism. Thus, accessory thyroid 
tissue or thyroglossal cysts can arise at any time during the life of the 
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individual. Bailey (16) feels that the lymphadenoid tissue about the tract 
responds to upper respiratory infections like any other normally placed 
lymphoid tissue of pharyngeal origin. Such irritation stimulates these 
isolated thyroglossal cell remnants to secrete and cause cyst formation. 
These cysts in turn may become secondarily infected, with resultant abscess 


formation. 
From the above description it seems amazing that thyroglossal tract le- 


Boake: . on 


Fig. 1. Thyroid strand in relation to developing hyoid bone. Points of compression 
are obvious in c. (from Wenglowskzt (8)) 


sions do not occur more frequently in postnatal life. Sistrunk (15) in 1920 
reported only 31 cases in 86,000 consecutive patients examined in the Mayo 
Clinic. Those lesions that are observed occur most frequently at or below 
the hyoid. Bailey (17) reported 3 per cent of thyroglossal cysts as intra- 
lingual, 6 per cent in the submental region, 12 per cent suprahyoid, 37 
per cent subhyoid, 23 per cent at the level of the thyroid cartilage, 7 per 
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cent at the cricoid, and 4 per cent in the suprasternal notch. Recent reports 
by Ward et al. (13) place 3.8 per cent of the cysts as intralingual, 11.4 per 
cent in the submental area, 10.4 per cent suprahyoid, 11.4 per cent at the 
hyoid, 49 per cent subhyoid and 12.3 per cent in the episternal region. The 
first series of 92 cases was reported from a London hospital in 1924, 
twenty-five years before the second group of 105 cases was recorded in 
Baltimore. One can assume from these reports that there is usually a rather 
characteristic distribution of the lesions. 

The diagnosis of thyroglossal tract cysts is based on the presence of a 
eystic tumor in or near the midline of the neck, usually just below the level 
of the hyoid bone. Marshall and Becker (1) found that roughly 40 per cent 
of cysts, sinuses and various neck tumors, exclusive of lymph node enlarge- 
ments, were of this origin. Movement of such a cyst upwards on swallowing 
or on protrusion of the tongue is added diagnostic evidence of its thyro- 
glossal origin. Transillumination is of value in approximately 5 per cent of 
the cases (4). Sinuses, when present, always occur overlying the site of a 
preexisting cyst or abscess. Even the presence of acute inflammation does 
not exclude the diagnosis of thyroglossal cyst. Several reports indicate 
that as high as 50 per cent of the patients seek treatment because of second- 
ary infection. Emphasis must be placed on the statement by Bailey (16) 
that the thyroid cartilage is like the prow of a ship on which these cysts 
cannot remain, and they are more frequently found either to the right or 
to the left of the midline. Thyroglossal cysts need not, therefore, occur in 
the exact midline to establish the diagnosis. Other conditions arising in the 
anterior region of the neck that must be considered in the differential 
diagnosis are dermoids, sebaceous cysts, lipomata, hypertrophy of the 
pyramidal lobe, aberrant thyroid tissue, and enlarged lymph nodes of the 
pretracheal and suprahyoid region. Because of their location near the mid- 
line, thyroglossal sinuses should be easy to differentiate from the more 
laterally placed branchial cleft lesions. 

Microscopic examination of these cysts or sinuses reveals a lining epi- 
thelium composed of either squamous or ciliated columnar cells or a com- 
bination of both, unless the epithelial lining has been obliterated by infec- 
tion. The cyst wall contains varying amounts of fibrous connective tissue 
and lymphoid cells. The fibrous tissue present is in direct relation to the 
amount of pre-existing infection. The cyst usually contains a clear yel- 
lowish-white mucoid substance which may contain cholesterol crystals. 
During the acute purulent stage of an infection the contents are identical 
with an abscess occurring in any other location. Occasionally thyroid tissue 
is found in or near the cyst wall but this is the exception rather than the 
rule. Osteomyelitis of the hyoid bone has been reported as a complica- 
tion (2). 
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Adequate surgical treatment of these lesions must take into considera- 
tion the embryology that made possible their development. Schlange (18) 
in 1893 was the first, in so far as these authors could determine, to advise 
resection of the midportion of the hyoid as a part of the definitive treat- 
ment for these entities. Durham (19) in 1894 indicated his agreement with 
the wisdom of this therapy. Wenglowski (8) concluded from his studies that 
it was necessary to resect the central portion of the hyoid and dissect out 
the cord of connective tissue through the tongue that represents the re- 
mains of the thyroglossal tract. Although Sistrunk (5) and Beer (20) both 
described the same technical refinements in the same issue of the Annals 
of Surgery, the procedure commonly employed was popularized by Sis- 
trunk and is usually referred to by his name. The chief advantage of the 
Sistrunk procedure lies in the removal of a core of tissue from the hyoid 
bone to the foramen cecum calculated to excise all possible thyroglossal 
tract remnants without actual visualization of them. Gross and Conner- 
ley (21), on microscopic examination, found irregular, branching epithelial- 
lined tracts about the central part of the hyoid, thus emphasizing the neces- 
sity for radical excision. 

In 1936 McClintock (22) reported 9 patients with thyroglossal tract 
lesions which were operated upon with intentional omission of hyoid resec- 
tion. Additional material is now avai'able and this review, including the 
9 cases previously reported, is a comparison of this simple excision with 
those cases treated by the more radical Sistrunk procedure. 

Three of these 55 patients have not been operated upon. Lesions in 2 
males aged 68 and 79 years, respectively, appeared within six months of 
their initial examination. These will probably not come to operation. The 
third case is that of a four-month-old baby with an opening in the midline 
of the neck just below the hyoid that was noted at the time of birth. This 
lesion will be operated upon when the age of the child makes excision less 
hazardous. 

Among 52 patients available for postoperative study, 44 were followed 
from one to nineteen years. Six were operated upon less than one year 
ago. Two were followed for less than one year and are now lost. 

A total of 33 patients did not have resection of the hyoid and of this 
number 25 have survived five or more years with adequate follow-up data. 
There have been 2 recurrences among these 33 patients that required opera- 
tive removal a second time. In the group that have had resection of the 
hyoid bone and dissection of the tongue, 17 patients have survived less 
than five years and 3 have been well for thirteen years. None of this group 
has had any recurrence. In those examined after one or more years, the 
defect in the hyoid has been replaced with firm, hard callous. None of these 
patients has complained of any difficulty in the use of the tongue. There 
has been no operative mortality from either type of procedure. 
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For statistical purposes it is of interest to note that in the entire series 
24 patients were males and 31 patients were females. In 7 patients the his- 
tory indicated a lesion had been observed at birth. The history given 
revealed a variation in the duration of the lesion ranging from one day to 
thirty years, with an average duration of 5.5 years. Age and sex distribution 
are indicated in Figure 2. Twenty patients had received previous treat- 
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ment consisting either of aspiration, incision and drainage, or as many as 
four attempts at excision in 1 patient. Five patients had an incision and 
drainage because of an acute abscess. Those patients from whom the 
central portion of the hyoid was not resected had the base of the lesion 
cauterized with phenol and alcohol, nitric acid, actual cautery or coagu- 
lated by the Bovie coagulation current. 


DISCUSSION 


In this study of thyroglossal tract lesions the authors sought an explana- 
tion for the relatively high percentage of cures following simple excision 
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of the pathologic entity. Admittedly, Mother Nature is kind to most 
surgeons and She undoubtedly had destroyed the cell remnants above the 
hyoid in this series of cases. When the surgeon destroyed the cells remaining 


Fia. 3. Gross specimen of thyroglossal cyst. Scale $ inch. 


on the anterior superior and anterior inferior surfaces of the hyoid and re- 
moved the cyst, a cure was obtained. The vagaries of cauterization by 
chemical or thermal means are most uncertain and the unusual feature in 
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our group of patients has been the degree of successful destruction of 
thyroglossal cells by these methods. Figures 3 and 4 illustrate the dangers 
of relying upon cauterization to destroy a secondary cyst at B and acces- 
sory thyroid tissue at D. 

A surgical technique has been described for nearly sixty years that will 
safely and completely remove these congenital abnormalities. It therefore 
seems ridiculous that any surgeon today would accept even a 6 per cent 
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Fic. 4. Specimen from Figure 3 opened from posterior surface. A. Strand through 
tongue; B. Secondary cyst on anterior superior hyoid surface; C. Hyoid bone; D. Acces- 
sory thyroid nodule; E. Thyroglossal cyst; F. Pyramidal lobe. Scale } inch. 
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recurrence rate in these conditions. The senior author does not feel that 
simple excision is adequate, even though he advocated this procedure in a 
previous communication. It is true that an acute abscess in a thyroglossal 
cyst may require incision and drainage to control infection but when this 
is done the patient or parents should be advised of the absolute necessity 
for complete excision of the lesion after the infection subsides. With this 
exception no patient should be subjected to the discomfort, expense and 
risk of more than one surgical procedure to eradicate lesions of the thyro- 
glossal tract. The first operation is the one at which the hyoid should be 
resected and a core of tissue taken out through the tongue to the foramen 


cecum. 
SUMMARY 


1. Fifty-five patients suffering from lesions of the thyroglossal tract are 
recorded; 52 have been operated upon. 

2. Simple excision with cauterization of the base of these lesions is to 
be condemned as a method of treatment. The Sistrunk type of operation is 
advocated as the procedure of choice and is the only procedure which can 
offer a 100 per cent chance for a cure. 

3. The embryologic development of the thyroid gland adequately ac- 
counts for the formation of the lesions of the thyroglossal tract. 
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A NEW INTRALARYNGEAL APPROACH FOR 
ARYTENOIDECTOMY IN THE TREATMENT 
OF BILATERAL ABDUCTOR VOCAL 
CORD PARALYSIS* 


WILLIAM C. THORNELL, M.D. 


From the Division of Otolaryngology, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 


NE of the serious complications of thyroidectomy is bilateral vocal 

cord paralysis which results from injury to the recurrent laryngeal 
nerves. Havens (1) has previously stated that ‘‘one of the recognized haz- 
ards of thyroidectomy is the possibility that a recurrent laryngeal nerve 
may be injured and cause paralysis of the corresponding vocal cord. 
Because of certain variable factors such as anomalous situation of the 
recurrent laryngeal nerve or its displacement by tumor, this complication 
is encountered in a small percentage of cases following thyroidectomy re- 
gardless of the skill of the surgeon and in spite of his utmost care to avoid 
it.” 

Unilateral vocal cord paralysis is not a serious complication, since it 
causes no respiratory obstruction and the immediate hoarseness which 
results soon disappears if the paralyzed vocal cord assumes a position at 
_ or near the median line so that the opposite normal vocal cord then can 
make contact with it on phonation. A paralyzed vocal cord may assume 
a position in the median line, or a lateral or so-called paramedian or cadav- 
eric position. Should bilateral vocal cord paralysis occur with the vocal 
cords immediately assuming the median line position, the patient is at 
once placed in an extremely critical condition. Laryngeal obstruction may 
be so nearly complete as to necessitate an emergency tracheotomy to save 
the patient’s life. 

I should like to emphasize at this point that unilateral vocal cord paraly- 
sis may be present before thyroid surgery and, if so, it is extremely impor- 
tant for the surgeon to know it. All patients undergoing thyroid surgery 
should have a preoperative as well as an immediate postoperative examina- 
tion of the vocal cords. The information made available by such examina- 
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tions is of extreme value to the surgeon and needs no further comment 
here. 

For patients who have bilateral adbuctor vocal cord paralysis and who 
have required tracheotomy or who have an inadequate airway and who 
have shown no improvement within six months after thyroid surgery, an 
attempt to correct or improve the conditions should be considered. 

For the treatment of bilateral abductor vocal cord paralysis various 
operations have been described in which an external approach is used and 
which are designed to accomplish lateral displacement of one vocal cord. 
These operations have been highly successful and have been accepted as 
suitable procedures for the re-establishment of an adequate airway and the 
preservation of the voice. All of them are modifications of or follow the 
general pattern of the operation described by King (2) in 1939. Originally 
he conceived the idea of transposing the anterior belly of the omohyoid 
muscle to the arytenoid cartilage with the idea that the transposed omohy- 
oid would assume the function of the paralyzed cricoarytenoideus posticus 
muscle. Later it became apparent that the hope of restoring function to 
the paralyzed cord was not fulfilled. The new operation was a success, 
however, because lateral displacement of the vocal cord was accomplished 
by the procedure. 

In 1943 Morrison (3) presented his observations on the King operation 
and suggested certain minor changes in technique. He emphasized that the 
three important steps to be observed in treatment by this operation are: 

1. Disarticulation of the arytenoid cartilage. 

2. Freeing the arytenoid from the tension of the interarytenoidus muscle. 

3. Fixation of the arytenoid and the remaining attached tissue in abduc- 

tion for a period of time sufficient to make certain that the scar 
tissue will maintain it in that position. 

Kelly (4) described an operation in which an arytenoidectomy was car- 
ried out through a small window in the thyroid cartilage. Wright (5) 
presented a modification of Kelly’s operation in which he suggested that 
the extreme posterior end of the vocal cord be sutured to the external 
perichondrium at the lower margin of the window so as to obtain a larger 
glottic opening posteriorly. McCall and Gardner (6) presented a modifica- 
tion of the Kelly operation which they believed simplified it. 

Orton (7) described a lateral transthyroid approach (Trotter’s) in which 
an arytenoidectomy was performed following removal of the posterior 
third of the thyroid ala. The internal perichondrium and thyroarytenoideus 
muscle was then fixed to the external perichondrium and anterior portion 
of the split sternohyoid and thyrohyoid muscles. 

The two objectives for which one strives with any technique used for 
the treatment of bilateral abductor vocal cord paralysis are first, the estab- 
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lishment of an adequate airway; and second, the preservation of the voice. 
These two objectives require conditions which are diametrically opposed 
to one another. An adequate airway requires separation of the vocal cords 
whereas a normal voice requires close approximation of the vocal cords. 
The problem in the management of cases such as we are considering is to 
move one paralyzed vocal cord laterally far enough to create an adequate 
airway without moving it so far laterally as to destroy the voice. There is 
no doubt that of the two objectives the establishment of an adequate air- 
way is the more important. 


Intralaryngeal approach through suspension laryngoscope 


Only a few minor modifications have been added to the technique of 
intralaryngeal arytenoidectomy as presented previously (8, 9, 10). The re- 


fat 


Fic. 1. Lynch suspension hook with spatula attached (V. Mueller and Co., Chicago, 
Illinois). This is supported by Killian type gallows (not shown) attached to operating 
table. With the apparatus in position the larynx is in direct view and the surgeon has 
both hands free to proceed with intralaryngeal surgery. 


moval of the arytenoid cartilage by means of the intralaryngeal approach is 
carried out with the larynx exposed to direct inspection through the mouth 
by means of the Lynch suspension apparatus (Fig. 1). If the patient is 
not already wearing a tracheal tube the first step in the procedure is to 
insert one. This may be done either at the same time as, or a few days before 
the arytenoidectomy. Preoperative medication depends upon the individ- 
ual case. (A patient who has bilateral vocal cord paralysis and who does 
not have a tracheal cannula in place should never be given barbiturates or 
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opiates. The relaxation induced by such medication may lead to disastrous 
respiratory obstruction.) The oropharynx first is anesthetized by topical 
application of a fresh solution of 5 per cent cocaine. General anesthesia 
is then induced by the use of curare and pentothal sodium, administered 
intravenously, after which the suspension laryngoscope is placed in posi- 
tion. Topical applications of 5 per cent cocaine next are made to the vocal 
cord and the aryepiglottic fold. An injection of procaine with adrenalin 
may be made to minimize bleeding. An incision 1 cm. in length is made 
over the superior surface of the arytenoid cartilage and extended antero- 
laterally into the aryepiglottic fold (Fig. 2). The superior border of the car- 


a 





Fic. 2. Schema showing the incision over the arytenoid area extending into 
the aryepiglottic fold. 


tilage is identified and grasped by a suitable forceps (Fig. 3). Submucous 
dissection of the arytenoid cartilage is then carried out. The various mus- 
cular attachments are separated from the cartilage on its lateral aspect. 
The superior portion of the arytenoid cartilage is then rotated laterally so as 
to facilitate the separation of the muscular attachments on the medial 
aspect of the cartilage. A very sharp laryngeal knife, elevator or scissors 
is used to carry out the above dissection. It is extremely important to 
avoid tearing or injuring the mucous membrane on the lateral wall of the 
larynx, because scarring in this area may nullify one’s attempt to increase 
the glottic opening. Following complete removal of the arytenoid cartilage, 
a guarded curved electrocautery point may be deeply inserted through the 
incision along the course of the thyroarytenoid muscle, beneath the vocal 
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Fic. 3. Schema showing the position of the arytenoid cartilage, tightly 
held by a grasping forceps. 


Fic. 4. Schema showing lateral displacement of the vocal cord resulting from the 
removal of the arytenoid cartilage, with the guarded electrocautery point in position 
for cauterization. 
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cord, and into the space previously occupied by the arytenoid cartilage. 
The tissues within the wound are lightly cauterized (Fig. 4). Lateral 
fixation of the posterior two-thirds of the vocal cord may be made more 
certain by the scarring which follows use of the electrocautery (Fig. 5). 


Fic. 5. Schema showing lateral displacement of the posterior two 
thirds of the vocal cord. 


Bleeding throughout the course of the operation usually is minimal and 
readily can be controlled by use of the electrocautery unit. At the end of 
the operation an acrylic obturator is introduced between the cords, to be 
left in place for a period of three to seven days. The tracheal cannula may 
be removed after three to six weeks. 


ANALYSIS OF CASES 


Six patients who had bilateral vocal cord paralysis following thyroid 
surgery have been operated upon by the author using the method described 
(Table 1). Four were females, and 2 were males. An adequate airway was 
obtained in all patients. The resulting voice was excellent in 5 cases, and 
coarse but adequate in 1 case. A tracheotomy was performed immediately 
prior to arytenoidectomy in 2 of the cases. All patients were decannulated 
after postoperative periods varying from three to six weeks. 

Reports are available from several other surgeons to make a total of 19 
patients (including those of the author) who have had successful end results 
following intralaryngeal arytenoidectomy as described above. 





W. C. THORNELL Volume 10 


TABLE 1 








, Symptoms of j . 
Thyroid tenieneid niceditien Arytenoidec 
surgery tomy 


obstr. 


Results 





Sept. 1944 Immed.following Tracheotomy just after thyroid- May 5, 1947 Adequate airway. 
thyroid surgery ectomy. Tube removed in 4 _ Excellent voice. 
weeks. Reinserted in March, 
1945. 


1935 1947 Tracheotomy just before aryte- Jan. 20, 1948 Adequate airway. 
noidectomy. Excellent voice. 


1923 and = Jan. 1948 Tracheotomy, Jan. 1948 Mar. 2, 1949 Adequate airway. 
Oct. 1946 Coarse voice. 


1929 Tracheotomy, 1933. Orton pro- Jan. 11, 1949 Adequate airway. 
cedure elsewhere in 1945. Un- Excellent voice. 
successful. 


4 weeks following Tracheotomy just before aryte- June 7, 1949 Adequate airway. 
thyroid surgery noidectomy. Excellent voice. 


1934 and 1946 Tracheotomy, April, 1946. June 14, 1949 Adequate airway. 
1935. Excellent voice. 





SUMMARY 


A new approach is presented for surgical treatment of bilateral abductor 
vocal cord paralysis. Arytenoidectomy from within the larynx while using 
the Lynch suspension apparatus for visualization of the larynx has been 
found feasible, and not particularly difficult for one trained in the use of the 
suspension apparatus. For those surgeons without such training and equip- 
ment the King operation or one of its modifications will and should con- 
tinue to be the operation of choice. 

The operation here described is attended by very little postoperative 
reaction and the end results have been uniformly successful in the author’s 
cases as well as in 13 additional cases reported to him by other surgeons. 
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BASAL METABOLIC RATE AND PLASMA 
CHOLESTEROL AS AIDS IN THE 
CLINICAL STUDY OF 
THYROID DISEASE* 


ELMER C. BARTELS, M.D. 


From the Department of Internal Medicine, The Lahey Clinic, 
Boston, Massachusetts 


BASAL METABOLIC RATE 


INCE 1910 when Benedict introduced a new apparatus for determining 

the respiratory exchange, the basal metabolic rate has been established 
as a routine clinical aid in the diagnosis of thyroid disease. As is true of 
any laboratory test, the determination of the basal metabolic rate has defi- 
nite limitations and requires proper interpretation. 

Among the errors of interpretation to be avoided is that of accepting an 
elevated metabolic rate as certain evidence of the presence of hyperthy- 
roidism or, similarly, interpreting a moderately low rate as an indication 
of thyroid insufficiency. The tendency of some to disregard the basal 
metabolic rate as an aid to thyroid diagnosis is equally unjustified. Clini- 
cians who have an extended experience with thyroid disease might well 
dispense with the basal metabolic test and depend entirely on clinical 
judgment, but even then occasions would arise when they would desire 
to use the test. 

There are certain specific variants to be understood and accepted in the 
interpretation of any basal metabolic rate in relation to thyroid disease 
besides the accepted fact that the normal range of the rate is fairly wide. 

(a) The metabolic test may not be basal. 

(b) An elevated basal metabolic rate may occur in the absence of hyper- 
thyroidism. 

(c) Hyperthyroidism, even severe, may occur in a small number of ex- 
ceptional cases in the presence of a normal basal metabolic rate. 

(d) A low basal metabolic rate may occur in the absence of clinical 
myxedema. 

(e) Myxedema, even profound, may occur in the presence of only a 
slightly lowered basal metabolic rate. 
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Methods for securing true basal metabolic rate 


If the reported metabolic rate is elevated and does not appear to fit the 
clinical picture, the first thought should be that the rate is not basal and 
the test should be repeated. To obtain a truly basal metabolic rate the 
test must be carried out under ideal conditions by a competent technician 
—one who changes the soda lime at prescribed intervals and sees to it 
that patients with dentures wear them during the test. These are two 
examples of the care necessary in determining the basal metabolic rate. 
All extraneous nervous factors should be eliminated so that a state of 
true physical and nervous relaxation is obtained. In most cases this is ac- 
complished by having the patient rest in a quiet room for thirty minutes 
before proceeding with the test. Should this routine program be insufficient, 
additional measures must be employed. These include serial testing or the 
administration of nembutal (pentobarbital sodium), 14 grains, the night 
before and again one hour before the test in the morning. If these pre- 
cautions still fail to bring about a satisfactory basal state the test should 
be carried out under pentothal anesthesia (1). This method has been — 
applied to 70 patients and has proved to be extremely informative. If the 
metabolic rate falls to normal under anesthesia, hyperthyroidism can be 
ruled out. 


Elevated basal metabolic rate in the absence of hyperthyroidism 


The group of conditions causing nonthyroid hypermetabolism is large 
and includes fever, leukemia, polycythemia, lymphoblastoma, acromegaly, 
pheochromocytoma, heart disease with dyspnea, coarctation of the aorta, 
Parkinson’s disease and chronic alcoholism. More recently, Smith and 
Levine (2) have added aortic stenosis to this list. They observed that cer- 
tain patients (4 of 11) with aortic stenosis exhibited a sustained hyper- 
metabolism which was not due to cardiac failure and at autopsy there was 
no evidence of thyroid disease or any other cause for the increased meta- 
bolic rate. Recently we have had experience (3) with 6 patients with aortic 
stenosis who also required consideration of the thyroid. 

Two of these patients had sustained elevated metabolic rates, one after 
antithyroid treatment and the other after antithyroid treatment and 
thyroidectomy. Since no other apparent cause for the elevated basal 
metabolic rate was discovered, it was concluded that aortic stenosis was 
the cause of the hypermetabolism. Three such patients with goiter and 
hypermetabolism responded in the usual way to antithyroid treatment and 
had thyroidectomy. One patient with aortic stenosis without goiter and 
with normal metabolism had symptoms strongly suggestive of primary 
hyperthyroidism. That aortic stenosis with hypermetabolism without 
hyperthyroidism does occur, although rarely, seems confirmed. However, 
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shou'd a patient with aortic stenosis have a goiter and hypermetabolism, 
the diagnosis of hyperthyroidism must be accepted until disproved by 
antithyroid treatment or thyroidectomy. 

Tobacco may also be a cause for hypermetabolism; 75 per cent of normal 
individuals will show an increase in the basal metabolic rate after smoking 
(4). At times the increase in basal metabolic rate is considerable. We have 
just finished studies (5) on the effect of smoking in patients with hyperthy- 
roidism and found that this condition does not change individual sensi- 
tiveness to, or the degree of response to smoking. The added rise in 
metabolism, however, is superimposed on the already elevated rate of the 
patients with hyperthyroidism who are sensitive to tobacco. 


Hyperthyroidism in the presence of a normal or near-normal metabolic rate 


Eight per cent of a recent series of 1,000 hyperthyroid patients studied 
had basal metabolic rates below plus 20 per cent. Most of these patients 
had mild degrees of hyperthyroidism; however, severe hyperthyroidism 
can occur in the presence of a normal basal metabolic rate. Bartels and 
Bell reported 2 such cases in 1947 (6). The first patient, a man of 28 
years, with all the obvious symptoms and signs of severe primary hyper- 
thyroidism (30-pound weight loss, pulse 112 and moderately large goiter), 
had basal metabolic rates on two consecutive days of plus 13 and plus 16 
per cent. He received antithyroid treatment for forty days with marked 
clinical improvement; the basal metabolic rate was then minus 10 per cent. 
A thyroidectomy was done, removing 45 Gm. of thyroid tissue. The patho- 
logic diagnosis was primary hyperplasia. Nine months after operation he 
was in excellent health, the basal metabolic rate was minus 34 per cent 
with a normal plasma cholesterol of 176 mg. per 100 ce. 

The second patient, a man of 55 years, with similar signs and symptoms 
of primary hyperthyroidism (35-pound weight loss, auricular fibrillation, 
exophthalmos and slightly enlarged goiter) had a basal metabolic rate of 
plus 10 per cent. Lugol’s solution was prescribed and one month later the 
rate was minus 4 per cent. The patient had gained 13 pounds in weight 
and felt well; the pulse had reverted to regular rhythm. When administra- 
tion of Lugol’s solution was stopped the symptoms and auricular fibrilla- 
tion returned and the basal metabolic rate was plus 3 per cent. Lugol’s 
solution was again administered and the rate fell to minus 13 per cent; the 
pulse was again regular. Thyroidectomy was done, and typically hyper- 
plastic thyroid tissue which weighed 26 Gm. was removed. The pathologic 
diagnosis was primary hyperplasia. 

These 2 cases (and we have observed others at the Lahey Clinic) indicate 
that severe hyperthyroidism can occur with the metabolic rate in the nor- 
mal range. These patients did, however, have hypermetabolism, as indi- 
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cated by a lower basal metabolic rate without myxedema when the hyper- 
thyroidism was clinically controlled. To confirm the diagnosis of hyper- 
thyroidism in the presence of a normal basal metabolic rate one must obtain 
a lowered metabolic rate following antithyroid treatment or thyroidec- 
tomy, since hyperthyroidism cannot occur without associated increase in 
metabolism. Many reports in the literature on hyperthyroidism with 
normal metabolism do not report the postoperative basal metabolic rates, 
and so fail to confirm the presumptive diagnosis of hyperthyroidism. 


Low metabolic rate from nonthyroid causes 


Patients with diseases such as Addison’s disease, anorexia nervosa, 
postinfection asthenia, malnutrition from various causes and old age may 
have rates as low as minus 20 to minus 29 per cent without myxedema. 
Similarly, hypopituitarism may decrease the basal metabolic rate to as 
low as minus 34 per cent. 

Additional evidence of the lack of thyroid specificity of the basal meta- 
bolic rate results from the observation that a low metabolic rate is not a 
certain evidence of thyroid deficiency. Chief support to this is shown in 
normal individuals who may have basal metabolic rates as low as minus 
30 per cent, as indicated in the above case reports. The tendency to recog- 
nize a condition of hypothyroidism, 2.e., a very low metabolism without 
true manifestations of myxedema, and give thyroid medication does not 
seem to be clinically sound. Unless a diagnosis of myxedema is confirmed, 
thyroid treatment is not indicated, nor is it likely to be beneficial. 


Myzxedema without substantial decrease in the basal metabolic rate 


Of 200 cases of spontaneous myxedema reported by Plummer (7), 7 
(3.5 per cent) had rates higher than minus 20 per cent; in 35 per cent of the 
cases the basal metabolic rate was less than minus 30 per cent, the average 
basal metabolic rate being minus 32 per cent. Of 30 patients with myxe- 
dema reported by Hurxthal. (8), the average basal metabolic rate was minus 
26 per cent; in 5 of the patients the metabolic rate was between 0 and minus 
12 per cent. In 10 of 15 cases of myxedema and coronary disease which 
Bartels and Bell (9) reported in 1939, the basal metabolic rates were be- 
tween minus 20 and minus 35 per cent. 


PLASMA CHOLESTEROL 


It was first emphasized by Epstein and Lande (10) and confirmed by 
others that the plasma cholesterol does undergo change in thyroid disease. 
In the presence of myxedema the plasma cholesterol is usually elevated and 
in hyperthyroidism it tends to be low. Hurxthal (11) believes these changes 
result from altered utilization of cholesterol, for in both conditions choles- 
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terol is apparently synthesized in the body. In myxedema, cholesterol is 
retained in the body as shown by a decreased bile cholesterol, whereas in 
hyperthyroidism the cholesterol content of the bile is high (12). The 
mechanism, however, is still somewhat obscure. 


Normal range of plasma cholesterol 

As the basal metabolic rate has its definite limitations, similarly the 
cholesterol is restricted in its diagnostic specificity for either hyperthyroid- 
ism or myxedema. This is chiefly so since the normal range of the plasma 
cholesterol is wide, making it difficult to interpret a single reading. Hurxthal 
and Simpson (13) emphasized this wide normal range and noted an increase 
in the cholesterol with age, the average at 20 years being 150 mg. per 100 
ce. and at 60 years, 220 mg. per 100 cc., with an overall average of 180 
mg. per 100 cc. Peters and Man (14) reported the blood cholesterol in 
normal subjects to range from 107 to 320 mg. per 100 cc., with the average 
being 202 mg. per 100 cc. They also noted an increase with age but not 
with weight. 

There are also, as with the basal metabolic rate, certain specific variants 
to be understood in the interpretation of any single determination of the 
serum cholesterol, not including the possibility of a laboratory: error. The 
chance of a laboratory error in determining the plasma cholesterol is less 
likely than that involved in determining the basal metabolic rate. 

(a) An elevated plasma cholesterol value may occur in the absence of 
myxedema. 

(b) Profound myxedema may occur in the presence of a normal plasma 
cholesterol level. 

(c) A low plasma cholesterol may occur in conditions other than hyper- 
thyroidism. 

(d) Hyperthyroidism may occur in the presence of a normal plasma cho- 
lesterol level. 


Hypercholesterolemia without thyroid deficiency 

An elevated plasma cholesterol is not pathognomonic of myxedema since 
hypercholesterolemia is present in other clinical conditions, such as xantho- 
matosis and associated diseases, nephrosis, diabetes mellitus, early liver 
disease with obstructive jaundice, and generalized arteriosclerosis. At times 
the plasma cholesterol is increased for no known cause—essential or 
familial cholesterolemia. 


Normal plasma cholesterol with thyroid deficiency 

The average plasma cholesterol in a group of 30 patients with spontane- 
ous myxedema was reported by Hurxthal (8) to be 355 mg. per 100 cc. 
Of these, 5 patients had cholesterol determinations between 235 and 260 





September, 1950 BMR’AND PLASMA CHOLESTEROL 1131 


mg. per 100 cc. In 1947, the author reported (Fig. 1) 4 cases of advanced 
myxedema in which the plasma cholesterol level was within the limits of 
normal (15). The cholesterol level in these 4 patients was considerably 
below the average cholesterol level of 355 mg. per 100 cc. for patients with 
myxedema, being 211 mg., 250 mg., 274 mg. and 236 mg. per 100 cc. A 
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substantial drop (37 per cent) in the level of the cholesterol followed the 
administration of desiccated thyroid, indicating that the initial levels were 
true for these patients and the drop was of the same magnitude as that 
observed in other patients with myxedema following treatment. Therefore, 
should a patient with presumptive myxedema have a normal cholesterol, 
the diagnosis is still tenable and for confirmation one can resort to changes 
in the cholesterol which follow thyroid therapy, since nearly a 40 per cent 
drop in the plasma cholesterol will occur if myxedema is present. 


Low plasma cholesterol without hyperthyroidism 


A lowered plasma cholesterol may be found in clinical conditions other 
than hyperthyroidism, including acute infections with fever, sprue, star- 
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vation from either disease or low caloric intake, following a low fat diet 
and in the presence of advanced hepatocellular disease. These nonhyper- 
thyroid causes for hypocholesterolemia indicate the lack of specificity of 
plasma cholesterol and therefore limit its use in the diagnosis of hyperthy- 
roidism. 


Hyperthyroidism in the presence of a normal plasma cholesterol 


In mild hyperthyroidism no change of the plasma cholesterol from nor- 
mal is to be expected; therefore, it cannot be used as a diagnostic aid. 
In severe hyperthyroidism, in which case the disease is usually objectively 
obvious, the plasma cholesterol is usually lowered but even here, since 


CHOLESTEROL DETERMINATIONS 


HYPERTHYROID EUTHYROID 
28 PATIENTS 





B.M.R. RANGE +34-+4+95 AVE.+52 


] CHOL. RANGE 106-215 CHOL. RANGE 138-350 
AVE. 166 AVE, 219 


J 
°o 
« 
a 
= 
n 
Ww 
a 
° 
=x 
oO 
o 
° 
° 
ad 
a 














30 40 50 60 
AGE IN YEARS 
Fic. 2. Cholesterol determinations of 28 patients when hyperthyroid and again 
when euthyroid, following antithyroid therapy. A definite shift upward followed anti- 
thyroid treatment, the average cholesterol increasing from 166 to 219 mg. per 100 ce. 
The fact that cholesterol determinations may be in the normal range in some cases of 
severe hyperthyroidism emphasizes the limitations of this test. 


the cholesterol has a wide range of normal, the interpretation of a given 
determination is difficult. That the cholesterol is reduced in hyperthyroid- 
ism is best shown by the finding of an increased cholesterol after antithy- 
roid treatment (Fig. 2). Twenty-eight hyperthyroid patients with an 
average basal metabolic rate of plus 52 per cent had an average plasma 
cholesterol of 166 mg. per 100 cc.; when euthyroid, the average cholesterol 
was 219 mg. per 100 cc., a 30 per cent rise. 
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The plasma cholesterol can be of valuable assistance in interpreting 
response to thyroid or antithyroid treatment. A drop (30 to 40 per cent or 
more) in the cholesterol level following thyroid medication confirms the 
diagnosis of myxedema. In a hyperthyroid patient undergoing antithyroid 
treatment in preparation for thyroidectomy the plasma cholesterol level 
may be helpful in determining the patient’s true metabolic level. The pre- 
requisite to thyroidectomy is a normal metabolism, but care must be taken 
to avoid overtreatment; the resulting myxedema is a contraindication to 
operation, as there is a risk of tracheal edema and possible need for trache- 
otomy. Therefore, an abnormal rise in the cholesterol following antithy- 
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Fic. 3. Showing the wide range of normal values in both the plasma cholesterol and 
the basal metabolic rate; also the variations in the basal metabolic rate and cholesterol 
in the various types of hyperthyroidism, nonthyroid disease and myxedema. A. Severe 
hyperthyroidism with high basal metabolic rate and reduced cholesterol. B. Severe 
hyperthyroidism with near normal basal metabolic rate and reduced cholesterol. C. 
Mild hyperthyroidism with slightly elevated basal metabolic rate and normal cholesterol. 
D. Reduced basal metabolic rate without thyroid insufficiency. E. Elevated basal meta- 
bolic rate without hyperthyroidism. F. Severe myxedema with low basal metabolic 
rate and elevated cholesterol. G. Myxedema with cholesterol in normal range and low 
basal metabolic rate. H. Reduced cholesterol without thyroid disease. I. Elevated 
cholesterol without thyroid disease. 
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roid treatment, especially if it is into the myxedematous range, indicates 
overtreatment. A high degree of preclinical myxedema (high cholesterol 
without objective or subjective evidence of myxedema), may be present 
without a greatly reduced basal metabolic rate. It is, therefore, advisable 
to determine the plasma cholesterol during antithyroid treatment. Even 
though the basal metabolic rate at the time of anticipated thyroidectomy 
may not be below minus 10 per cent, an elevated cholesterol may exist, 
indicating the presence of hypothyroidism with clinicaliy imperceptible 
myxedema. 


SUMMARY 


The basal metabolic rate and plasma cholesterol are unquestionably 
aids in the study of thyroid disease but are not specifics (Fig. 3) and they 
must be interpreted in the light of complete clinical data. The basal meta- 
bolic rate is especially informative when utilized to ascertain response to 
antithyroid or thyroid therapy. A single cholesterol determination must 
be carefully interpreted because of the many variables, such as the wide 
range of normal values and the lack of specificity for thyroid disease. 
The plasma cholesterol is of slight diagnostic value in hyperthyroidism 
because it is so slightly altered in patients with mild hyperthyroidism in 
whom diagnostic problems usually arise. In myxedema it is of consider- 
able value, chiefly because it decreases following thyroid medication. 
However, should one be limited to one diagnostic test for hyperthyroidism 
and one for myxedema, the basal metabolic rate should be selected for the 
former and plasma cholesterol for the latter. 
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CLINICAL DETERMINATION OF PROTEIN- 
BOUND IODINE IN PLASMA*f 


S. B. BARKER, Pu.D. ann M. J. HUMPHREY, B.S. 


From the Departments of Physiology and Internal Medicine, 
State University of Iowa, Iowa City 


N THE evaluation of thyroid disease, knowledge of the level of circu- 
lating thyroid hormone, as determined by protein-bound iodine (PBI), 
is an invaluable objective measure. During the past four years, use of a 
procedure involving chromic acid digestion coupled with distillation for 
doing the PBI work has proved too involved and time-consuming for many 
laboratories. Attention has, therefore, been redirected towards making the 
simpler alkali-incineration technique sufficiently consistent and dependable 
to enable its application to clinical material. 
The method evolved is more restricted in its applicability than the acid 
digestion-distillation technique but is equally reliable and far more con- 
venient to carry out on a routine basis. Table 1 compares the two general 


TABLE 1. COMPARISON OF ACID AND ALKALI DIGESTION PROCEDURES 
FOR DETERMINATION OF PBI IN PLASMA 








Acid Alkali 





1. Proteins precipitated, washed Same 


2. Proteins digested Ashed with alkali 
sulfuric+chromic acids 
sulfuric ++ permanganate 


3. Iodine distilled Iodide dissolved from ash 


4. Iodide determined colorimetrically Same 





procedures, and it can be seen that, although steps 1 and 4 are essentially. 
identical, great savings in time and manipulation are achieved in steps 
2 and 3. With an automatically controlled furnace, the dry-ashing does 
not require close attention, and the difficult distillation (step 3) has been 
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eliminated. This latter simplification entails the danger that nonvolatile 
substances eluted from the ash may take part in the final sensitive colori- 
metric determination of iodide catalysis of the arsenious acid-ceric sulfate 
reaction. Interference with the reaction can be ruled out by the addition 
of standard iodide to an aliquot of each sample. 

The steps involved in the actual determination are outlined in Table 2, 


TABLE 2. STEPS IN PLASMA PBI DETERMINATION 








. Plasma proteins precipitated: 
1 ce. plasma+7 ce. redistilled water+1 cc. zine sulfate+1 cc. sodium hydroxide 
Zinc-protein precipitate washed three times with 10 cc. water. 


. Drying and ashing: 
1 cc. 4 N sodium carbonate mixed with washed zinc-protein precipitate, dried 
overnight in oven at 90-95° C. 
Dried residue incinerated in muffle furnace at 600° C. 


. Dissolving iodide from ash: 
2 cc. 2 N hydrochloric acid added and mixed. 
2 cc. 7 N sulfuric acid+3 ec. water added and stirred until no more effervescence. 
Contents transferred to fresh tube and centrifuged. 


. Iodide content of aliquot determined by catalytic effect upon reaction: 


Ceric sulfate+Arsenious acid ¥ Oem sulfate 
(yellow) (colorless) 

Two 8 ce. aliquots pipetted into colorimeter tubes. Add 1 cc. water to one of pair, 
to other add 0.04 microgram of iodide in 1 cc. water. 

One-half cc. of arsenious acid solution added to each tube which is mixed and placed 
in constant temperature bath at 39° C. 

One ce. of ceric ammonium sulfate added to each tube at definite time intervals so 
that each tube can be read in colorimeter at exactly six and twelve minutes after 
addition of ceric sulfate reagent. 





and such comments will be added as seem desirable to clarify the purpose 
of each manipulation. 


1. Precipitation and washing of proteins. The Somogyi zinc sulfate-sodium hydroxide 
procedure has proved the simplest and most convenient. Washing of this precipitate is 
accomplished simply by suspending it in redistilled water by use of a stirring rod, and 
then centrifuging. Three such washings with 10 cc. have, by radioactivity tests, removed 
98.8 to 99.6 per cent of added inorganic iodide. 

2. Ashing. The 1 cc. of sodium carbonate solution is added in such a way as to permit 
rinsing off the stirring rod after the precipitate has been thoroughly mixed with most of 
the added alkali. The ashing temperature is not critical, although a longer time is re- 
quired below 550° C., and loss of iodide often occurs at 650° C. Although carbonaceous 
material is present after two and one-half hours at 600° C., this has been found suf- 
ficiently insoluble that it does not interfere with the succeeding steps. 
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3. Dissolving iodide from the ash. The effervescence at this stage appears desirable, in 
order to carry off hydrogen sulfide which interferes with the final colorimetric deter- 
mination. The HS is consistently generated after ashing, probably arising from cystine 
and methionine breaking down in the alkali. 

4. Determination of iodide. Every part of this step must be carefully controlled. This 
is a reaction rate measurement and the time of mixing and of colorimeter reading as 
well as exact temperature of incubation must be closely adhered to. 


Figure 1 illustrates the method we have been using for handling the 
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Fic. 1. Method of plotting colorimeter readings obtained from unknown samples 
and from unknown +0.04 microgram of iodide. 


results of a determination. The points shown were obtained in triplicate 
at six and twelve minutes after addition of ceric sulfate, as were the blank 
values immediately after adding the ceric reagent and mixing. The amount 
of iodide in the unknown sample is calculated from the following equation, 
obtained from similar triangles: 


0.04 X te 


pgm. in “unknown” tube = ; 
tee 
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where ¢; =time in minutes at intercept of the rate of decolorization in a 
tube containing no added iodide with any convenient horizontal. 
t2=time in minutes at intercept of the rate of decolorization in a 
tube containing added iodide with the akove-designated hori- 
zontal. 

The iodide content of the reagents should be determined by setting up 
blank analyses starting with the zine sulfate and sodium hydroxide solu- 
tions. They should be carried through the entire procedure, including the 
washings with 10 cc. of water, addition of sodium carbonate, drying, ashing, 
treatment with hydrochloric and sulfuric acids and the final colorimetric 
assay on 3 cc. aliquots, just as with an unknown sample. The blank value 
is calculated by the same formula shown earlier. 

In order to express the values in terms of micrograms/100 cc. of plasma, 
the complete calculation would be: 

Plasma PBI ugm./100 ee. = 100 X 7/3 X (Lin final aliquot—blank I) where 
the factor of 7/3 has been introduced to correct for the 3.0 ce. aliquot taken 
for colorimetric evaluation from the 7.0 cc. of acid supernatant from the 
ashed sample. 

Forty-seven samples of plasma obtained from patients for evaluation 
of thyroid status were analyzed for PBI by a standard acid digestion- 
distillation procedure (1) and by the one described herein. The results are 
summarized in Table 3; statistical analysis by the chi square test shows 


TABLE 3. COMPARISON OF PBI VALUES ON 47 PLASMAS 








Procedure Mean Range 





Acid digestion-distillation 7.777% 1—28.0 
Alkali incineration 7.717% 0-21.5 





x’ = 9.420 for 46 degrees of freedom, 7.e., there is much greater than 99 per cent prob- 
ability that results are the same. 


that the results are well within 1 per cent of being identical. Recovery of 
added iodide has also been excellent. 

Recently, a simplified method of calculation has been set up, in which 
the iodide present in each aliquot is read directly from a calibration curve 
(Fig. 2). The calculations are less involved, but one does not have the 
degree of protection offered by addition of a standard to each unknown 
solution. In this case, the presence of such an interfering material as a 
mercury salt would not be corrected for, and error would result. PBI values 
obtained by this procedure have been 1 to 2 micrograms per cent higher 
than by the one discussed earlier. 
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Table 4 shows the principal precautions which must be exercised. These 
are obvious for the most part, but some comment is desirable about the 
organic iodides. The inorganic iodide in the plasma is washed from the PB] 
by the three resuspensions of the zinc proteinate; at least 250 micrograms 
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Fic. 2. Plot of colorimeter readings obtained after twelve minutes’ incubation 
time of standard iodide solutions. 


per cent can be 99 per cent removed by this technique. When large amounts 
of iodide are administered therapeutically, plasma inorganic iodide values 
over 500 micrograms per cent may result. In this case, it is best to stop 
treatment for a few days before drawing blood. The organic iodide com- 
pounds used for x-ray and fluoroscopic diagnosis are precipitated together 


TABLE 4. PRECAUTIONS NEEDED FOR SUCCESSFUL OPERATION 
oF PBI PRocEDURE 








1. Extreme care at all stages of analysis. 
2. Avoidance of solutions of free I; near sample or laboratory. 
3. Absence of prior use in patients of organic iodine: 


Lipiodol, Skiodan, Lipoiodine, iodo-methylthiouracil, 
tetra-iodo-phenolphthalein, ete. 
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with the plasma protein and cannot be distinguished from the true PBI. 
Furthermore, they often remain in the body for long periods of time, 
forming a continuing reservoir of organic iodide. 


SUMMARY 


A procedure has been described for the rapid and accurate determination 
of plasma protein-bound iodine for clinical purposes. After precipitation 
and washing of the proteins, digestion is carried out with alkali at high 
temperatures. The final colorimetric determination makes use of iodide 
catalysis of the decolorization of yellow ceric sulfate by arsenious acid. 
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NATURAL AND EXPERIMENTAL ALTERATION 
OF THYROID FUNCTION IN 
DOMESTIC ANIMALS*t 


FREDERICK N. ANDREWS, PuD. 


Agricultural Experiment Station, Purdue University, Lafayette, Indiana 


N MAN the recognition, prevention and treatment of a wide variety 

of thyroid disorders is generally a problem of physical and mental well 
being. In the domestic animals, particularly the farm mammals, the role 
of the thyroid gland in efficient livestock production can be evaluated on 
an economic as well as a physical basis. It is clearly recognized that the 
thyroid is of importance not only in the regulation of general body metab- 
olism, but in the survival of the newborn, metamorphosis and growth, 
reproduction, lactation, egg production and the adaptability of species, 
breeds, strains and lines to specific environmental conditions. 

On the basis of current researches one may hypothesize that the rapid 
and efficient growth of a particular hybrid chicken may be the result of 
mild inherent hyperthyroidism or that the failure of a cow to produce 
large quantities of milk may be the result of inherent hypothyroidism. As a 
result of the many techniques now available for the experimental produc- 
tion and maintenance of nearly any degree of thyroid activity, thyroid 
function in relation to animal reproduction, growth and efficiency of pro- 
duction is being widely investigated. 


NATURAL THYROID ALTERATION 


The occurrence of sporadic and endemic goiter in man has been observed 
for centuries. Although similar thyroid disturbances have undoubtedly 
coexisted in both domestic and wild animals, the recognition of the goiter 
problem in the farm animals is of rather recent origin. It has been reported 
that Bouissingault, in 1831, observed that animals which had access to 
sea salt were free of goiter and McClendon has mentioned the occurrence 
of endemic goiter in Michigan sheep as early as 1820. With these excep- 
tions, the information on goiter in North American farm animals has been 
confined to the current century. 





Received for publication April 24, 1950. 
* Read at the Annual Meeting of the American Goiter Association, Houston, Texas, 


March 11, 1950. 
t Contribution from the Department of Animal Husbandry, Journal Paper No. 449, 


Purdue University Agricultural Experiment Station. 
This article will be included in the bound volume of the “‘Transactions of the Ameri- 
can Goiter Association,’’ published by Charles C Thomas, Publisher, which will be avail- 


able for sale early in 1951. 
1142 





September, 1950 THYROID FUNCTION IN DOMESTIC ANIMALS 1143 


There is considerable difference of opinion as to the goiter areas of the 
United States. The so-called ‘“‘goiter belt” for man has been described by 
some as including the northern half of the United States and by others as 
principally the Great Lakes area and the Great Plains and Mountain States 
west to the Pacific Coast. According to the National Research Council (1) 
the states of Wisconsin, Ohio, Iowa, Indiana, Nebraska, Michigan, pos- 
sibly Northern Illinois, the Dakotas, Utah, Nevada, Colorado, Montana, 
Oregon, Washington, and California comprise the principal goiter area. 
Unfortunately, from the standpoint of animal nutrition, the extent of, 
and the physiologic and economic importance of goiter in domestic animals 
in these states is poorly understood. 

Marine and Williams (1908 (2)) and Marine and Lenhart (1909(3)) 
reported that the normal iodine content of sheep and swine thyroids re- 
spectively was 2.47 and 2.51 mg. per Gm. of dried gland. When moderate 
or marked hyperplasia occurred in sheep the respective iodine contents 
were 0.40 and 0.01 mg. and swine thyroids showing early hyperplasia 
contained 1.10 mg. of iodine per gram of dried gland. 

The clinical evidences of iodine deficiency in farm animals have been 
clearly described by Welch (1917, 1928 and 1940 (4, 5 and 6)) and Kalkus 
(1920 (7)). Gross iodine deficiency usually results in the birth of weak or 
dead foals; dead, weak, ‘‘big-necked,’”’ sometimes hairless calves; dead, 
weak and often partially woolled lambs and in pigs the newborn are fre- 
quently hairless or nearly so, the skin is thickened and edematous and the 
pigs often seem fat and flabby. The size of the thyroid gland is not neces- 
sarily indicative of goiter and histologic examination is generally more 
reliable (Kalkus, 1920 (6); Marine, 1928 (8)). Iodine deficiency is at first 
characterized by hypertrophy and hyperplasia of the thyroid epithelium 
and the disappearance of stainable colloid. Continued hyperplasia is often 
followed by exhaustion atrophy of the gland and the completely involuted 
thyroid is characterized by very low epithelial cells and the storage of con- 
siderable colloid. 

Goiter in the adult is rarely reported and has been considered rare. 
Andrews et al. (1948 (9)) have frequently observed hyperplastic thyroids 
in adult sheep and it is quite probable that deviations from normal thyroid 
function are more common in domestic animals than is generally believed. 
In this respect a report of Welch (1928 (5)) is of considerable interest: 
“Tn the winter of 1927 approximately 5000 lambs on feed in Montana were 
started on salt containing 0.06 per cent potassium iodide. They were kept 
on this iodized salt until they were shipped to the Chicago abattoirs, a 
period varying from 60 to 90 days. Dr. E. C. Kendall obtained the thyroids 
from these lambs and reported that all glands were hyperplastic, most of 
them very large, and contained practically no iodine. McClendon estimated 
the amount of iodine fed to these lambs as ‘100 times as much as would be 
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actually needed to prevent goiter.’ Obviously the intensive fattening ration 
supplied these lambs was the disturbing factor, as such lambs, wintered 
in an ordinary manner, would have had no goiters, even without iodized 
salt.’’ It was in this same year that Chesney et al. reported a relationship 
between cabbage and the development of goiter in rabbits (10). 

Prior to the general use of iodized salt the elusive and sporadic nature 
of the goiter problem in Montana was emphasized by Welch. Ranches 
along certain streams were recognized as entirely unsuited for swine 
production, whereas sows which drank from wells half a mile distant pro- 
duced normal pigs. In some cases swine receiving the same care, food and 
water farrowed hairless, dead pigs and others produced normal young dur- 
ing the same time interval. 

Indiana has been considered as an iodine deficient state for the human 
but there has been a difference of opinion in regard to the farm animals. 
Although hairless pigs and woolless lambs with grossly enlarged thyroids 
do occur, they are not common. It has therefore been assumed that the 
iodine needs of livestock are being satisfactorily met by natural foodstuffs. 
In order to gain more information on this point the gross and microscopic 
anatomy and iodine content of the thyroid glands of 338 newborn lambs 
and 407 newborn pigs were studied in three central Indiana sheep flocks 
and two swine herds (9). 

In one sheep flock fed a commonly used ration not supplemented with 
iodine the average thyroid weight was 5.71 Gm. and ranged from 0.90 
Gm. to 49.15 Gm. Hyperplasia of the thyroid epithelium was observed in 
over 60 per cent of the glands and the iodine content of only 3 of 147 
thyroids fell within the reported normal range (0.10 to 0.25 per cent on a 
dry weight basis). The average iodine content was 0.021 per cent in this 
flock. 

In a second flock, when stabilized iodized salt was fed, only 1 of 86 
glands was hyperplastic, only 14 weighed more than 1.0 gram and none 
exceeded 1.8 Gm. Iodine content ranged from 0.126 to 0.721 per cent and 
only 3 glands contained less than 0.20 per cent. 

In one swine herd, fed a ration not supplemented with iodine, of 111 
glands studied, 39 per cent contained only a trace of iodine, 45 per cent 
showed only a trace of stored colloid and over 30 per cent were hyperplastic. 
When stabilized iodized salt was used, only 5 of 106 glands weighed more 
than 0.47 Gm., only 14 contained less than 0.20 per cent iodine and none 
was hyperplastic. 

There were highly significant differences in thyroid weight and iodine 
content of newborn lambs and pigs when different rations, not supple- 
mented with iodine, were fed. 

There were highly significant differences between the thyroid glands of 
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newborn lambs and swine when iodine-supplemented rations for the 
pregnant dams were compared to non-supplemented rations. 

Significant correlations of —0.646 in sheep and —0.525 in swine between 
iodine content and height of the thyroid epithelium were found. Signifi- 
cant correlations of —0.321 and —0.350 were found between iodine con- 
tent and thyroid weight in lambs and pigs respectively. 

During the compilation of the data in one of the swine herds it was 
observed that within the same herd there was a gradual and definite in- 
crease in the size of the thyroids of the newborn pigs between November 29 
and February 15. These data are summarized in Table 1. An analysis of 


TABLE 1. CHARACTERISTICS OF PIG THYROIDS 











Av Av. Av. Hyper- 


Date of fresh — epith. plastic 
farrowing = weight, spain height, glands, 
G thyroid, Reh eal Oo 
m. microns % 


/) 





11/20/43— 2/15/44 .312 043 10.2 39 





11/29/43-12/ 6/43 . 298 .067 : = 
12/ 7/48-12/17/43 . 369 .027 ; 12 
12/18/43-12/30/43 .517 .044 ; 58 
12/31/43— 1/ 9/44 . 559 O11 ; 50 
1/10/44— 2/15/44 . 504 . 008 ; 62 





Average, all dead 
pigs 88 .452 .029 9.4 32 





variance of the data showed that as the farrowing season progressed there 
were significant increases in thyroid weight and height of the thyroid 
epithelium and a significant decrease in iodine content. The most logical 
explanation for this seems to be that there was a gradual depletion of the 
sows’ stored iodine following removal from pasture and/or their outdoor 
lots. 

Other data, which are not usually available in the human, revealed 
rather great differences between siblings. The thyroids were removed 
from as many as 11 newborn pigs of the same litter on the same day. 
Since all had been subject to the same uterine environment it would be 
expected that all had access to the same quantities of iodine. Within the 
litter of 11 mentioned, thyroid size ranged from 0.1442 Gm. to 0.2905 Gm. 
and per cent iodine on a dry weight basis from 0.017 to 0.130. These are 
differences of over 100 per cent in weight and about 800 per cent in iodine 
content. Differences of several hundred per cent in thyroid weight in 
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littermates were not unusual. In these, and other studies, it is not uncom- 
mon for some young to be born dead, presumably as the result of iodine 
deficiency, and for littermates to survive. Perhaps these sibs, differing in 
genetic makeup, differ markedly in thyroid function, pituitary activity, 
and iodine requirements. 


EXPERIMENTAL THYROID ALTERATION 


Hypothyroidism. In the human there is considerable difference of opinion 
as to the causes of obesity. It is clear that not all obese people are hypothy- 
roid and that not all hypothyroid individuals are obese. There is sufficient 
evidence to indicate, however, that the thyroid gland is involved in fat 
deposition. In those farm animals used for meat purposes, the market 
value is very closely related to the state of fatness of the animal. The ten- 
derness of the muscular tissues and the cooking qualities of meat depend 
upon the distribution of fat through and around the skeletal muscle. 

Andrews and Bullard (1940-43 (11, 12)) partially thyroidectomized 12 
beef steers ranging in weight from 365 to 993 pounds. A daily gain of 2 
pounds is considered very satisfactory in cattle. Following the operation, 
gains as high as 5 pounds per day were observed. However, after six to 
eight weeks the rate of gain declined to preoperative levels and on autopsy 
it was found that marked hypertrophy and hyperplasia of the thyroid 
remnants had taken place. In some instances the amount of thyroid tissue 
recovered at autopsy was greater than the amount removed at operation. 

The studies of Richter and Clisby (1942 (13)), Kennedy (1942 (14)), 
Astwood and co-workers (1943 (15)) and MacKenzie and MacKenzie 
(1943 (16)) demonstrated that a large number of substances related to 
thiourea would inhibit the secretion of thyroxine, decrease basal metabolic 
rate and produce thyroid hypertrophy and hyperplasia in the rat. Investi- 
gations were undertaken at the Purdue Experiment Station to determine 
the effects of some of these substances, particularly thiourea, thiouracil and 
propylthiouracil, on the growth and fattening of chickens, cattle, sheep 
and swine. Andrews and Schnetzler (1946 (17)) and Andrews and Bohren 
(1947 (18)) found that the addition of thiouracil to the diet of chickens 
at a level of 0.2 per cent and fed between the ages of 6 and 12 weeks sig- 
nificantly increased fat deposition, improved market quality, increased 
the caloric feed efficiency, but reduced the rate of growth. When the 
thiouracil treatment was combined with the subcutaneous implantation 
of a 13-15 mg. pellet of stilbestrol the beneficial effects of thiouracil were 
retained and growth rate was superior to the controls. These data are 
summarized in Tables 2 and 3. 

Both stilbestrol and thiouracil increase fat deposition in the chicke: 
when administered separately but are even more effective in combination. 





September, 1950 THYROID FUNCTION IN DOMESTIC ANIMALS 1147 


TABLE 2. INFLUENCE OF TREATMENT ON COMPOSITION OF 
THE EDIBLE CHICKEN CARCASS 








No. of Av. percent Av. percent Av. per cent 


Treatment oii protein t fatt moisture 





Control 20 18.9 9.5 65.8 
Thiouracil 20 16.7 19. 9* 59. 5* 
Stilbestrol 20 17.5 17.4" 59.1* 
Thiouracil-stilbestrol 20 15.3* 25.3*T 54.3*T 





* Highly significantly different than control. 
+ Highly significantly different than other treatments. 
t These values are expressed on a fresh tissue weight basis. 


Thyroid weight was increased from 73 mg. in the controls to 387 mg. in 
the thiouracil-treated chickens. Stilbestrol alone had no effect on thyroid 
weight, but when the stilbestrol-thiouracil combination was used thyroid 
weight increased to 1,322 mg. By the determination of the exact caloric 
intake of each chicken and the subsequent analysis of the edible carcass 
of each bird, both gross and caloric feed efficiency were measured. 

It appears that the reduction in metabolic rate and the decreased basal 
energy requirements for maintenance, plus the lipotropic action of stil- 
bestrol in birds, are conducive to abundant and efficient fat deposition in 


chickens. The gain from the combined thiouracil-stilbestrol*treatment, the 
improvement in market quality, and an increase of 75 per cent in the 
efficiency of conversion of animal feed to a source of human food have 
both physiologic and economic implications. 

Andrews et al. (1947 (19)), Beeson et al. (1947 (20)), Barrick et al. (1949 
(21)) and Beeson eé al. (1949 (22)) in other studies at the Purdue Station 


TABLE 3. INFLUENCE OF TREATMENT ON THE RATE AND EFFICIENCY OF GAIN 
OF CHICKENS BETWEEN THE SIXTH AND TWELFTH WEEKS 








Av. Gm. Av. calories 

No. of Av. 6-wk. gain per gained per 
chickens gain (Gm.) 100 Gm. 100 calories 
feed consumed 


Treatment 





Control 20 853 26. 12.6 
Thiouracil 20 715° 28. 20.6*7 
Stilbestrol 20 918* 26. 17-67 
Thiouracil-stilbestrol 20 907* 26. 22.3*T 





* Highly significantly different than control. 
t Highly significantly greater than stilbestrol alone. 
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have observed the effects of experimental hypothyroidism and hyperthy- 
roidism in cattle, sheep, and swine. In these species it has been difficult 
to maintain a high feed intake when thiouracil, propylthiouracil or thiourea 
are added to the ration. In our hands the rate of gain when such com- 
pounds were being used was inferior to the gains of normally fed animals 

Terrill et al. (1949 (23)) found that when thiouracil was added to a swine 
ration at a level of 0.15 per cent during the last four weeks prior to market- 
ing the swine, there was a significant increase in the efficiency of feed 
utilization with no reduction in rate of gain. In young, rapidly growing 
hogs thiouracil clearly reduces growth rate. 

Hyperthyroidism. The recent development of efficient means of produc- 
ing calorigenically active iodocasein by Reineke and Turner (1942 (24)) 
has given impetus to the investigation of the effects of hyperthyroidism 
in the farm animals. These studies have been reviewed by Blaxter et al. 
(1949 (25)) and will be dealt with only briefly. 

It has been known for many years that thyroidectomy (or hypophysec- 
tomy or adrenalectomy) will greatly reduce or cause a complete cessation 
of lactation. It had likewise been shown (Graham, 1934 (26)) that thyroid 
feeding or the injection of thyroxine increased milk and butterfat produc- 
tion in dairy cows. 

Numerous experiments on the effects of iodinated casein (thyroprotein) 
on milk production have since been made. Many of the results appear to 
be controversfal, and other differences can be explained in terms of en- 
vironment, genetic makeup, plane of nutrition, etc. 

The commercial type of thyroprotein now being used to stimulate 
milk production was originally described as containing 3 per cent thy- 
roxine. It now appears that the correct value is about 0.5 per cent of 
crystalline thyroxine. When this type of thyroprotein is fed dairy cows at 
levels of from 1.0 to 1.5 grams per 100 pounds of body weight, daily milk 
production commonly increases from 10 to 30 per cent and butterfat 
production likewise increases. However, cattle receiving thyroprotein 
require an increase of about 25 per cent in total digestible nutrients in 
order to avoid excessive loss of weight. The basic economics of increased 
milk production versus increased feed cost is usually the determining factor 
as to whether thyroprotein feeding is practical under farm conditions. 

The maintenance of the hyperthyroid condition in cattle for prolonged 
periods raises several important physiologic questions. Nearly all of the 
many deleterious effects of severe hyperthyroidism have been reported 
in farm animals subjected to high levels of thyroidally active substances. 

Increased gastro-intestinal peristalsis with decreased digestability o/ 
the ration has been reported in sheep. Nitrogen metabolism in cattle is 
increased and severe weight losses are experienced. Pulse rate in cattle 
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is markedly increased and may rise to 150-200 per minute in sheep. Elec- 
trocardiographic changes indicative of heart damage have been reported 
in goats and cardiac arrhythmia and auricular fibrillation have been re- 
corded in cows. In sheep both calcium and phosphorus metabolism are 
accelerated. Exophthalmos has been observed in cattle but not in sheep 
(Blaxter et al. 1949 (25)). ; 

Several experiments in which iodocasein has been added to normal 
swine rations have shown that, at least under certain conditions, both 
growth rate and the efficiency of feed utilization can be increased. Reineke 
et al. (1946-48 (27)) reported that Yorkshire and Duroc swine fed a 
ration containing 0.006 per cent thyroprotein gained from 11 to 15 pounds 
more per animal than the controls during a 112-day period. 

Beeson et al. (1949 (22)) found that the addition of thyroprotein to 
swine rations at levels of from 0.0088 to 0.0176 per cent when the pigs 
weighed 40-50 pounds resulted in increased growth. In two of three ex- 
periments the thyroprotein-fed pigs required less feed per unit of gain. 
Information available at the present time indicates that age, body weight 
nutritional status and genetic constitution may all affect the response of 
swine to artificially induced hyperthyroidism. 


THYROID RESPONSE IN RELATION TO GENETIC CONSTITUTION 


That there are species differences in thyroid activity and that there are 
familial tendencies in thyroid function or dysfunction are not new con- 
cepts. Only with the development of new techniques for the production 
and measurement of different levels of thyroid activity has it been possible 
to attempt the genetic evaluation of thyroid function. 

Schultze and Turner (1945 (28)) found that the rate of d,l-thyroxine 
secretion of White Leghorn cockerels was greater than that of White 
Plymouth Rock cockerels when the growth of the two breeds was approxi- 
mately the same. Mixner and Upp (1947 (29)) using similar techniques 
found that the thyroid activity of hybrid (double-cross) chicks of Rhode 
Island Red and White Leghorn inbred stock was greater than that of the 
single cross New Hampshire X Barred Plymouth Rock. The increased 
thyroid activity of the hybrid chicks appears to account for at least a 
part of the phenomenon known as hybrid vigor. Glazener et al. (1949 (30)) 
made extensive comparisons of the thyroid activity of four strains of chick- 
ens. Rapid and slow-growing New Hampshire and rapid and slow-growing 
Barred Rock chickens were studied. The rapid-growing strains appeared 
to have a higher level of thyroxine secretion than did the slow-growing 
strains. 

The growth of one of the rapid-growing strains was depressed when 
thyroprotein was administered, whereas in the slow-growing New Hamp- 
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shires and rapid-growing Barred Rocks thyroprotein stimulated growth. 
It was concluded that each strain has a physiologic optimum level of 
thyroid activity for growth, feed utilization and feathering. 

Unpublished data at the Purdue Station (Andrews et al., 1950 (31)) 
indicate that there are wide differences in the response of inbred lines of 
chickens to thiouracil. Greater thyroid hypertrophy was observed in the 
rapid-growing lines than in the slow-growing ones when the same amount 
of thiouracil was administered. 


SUMMARY 


The thyroid gland is of considerable importance in the normal growth 
and development of farm animals. The occurrence of goiter, especially 
in newborn lambs and pigs may be a limiting factor in the survival of the 
newborn and may have long-lasting effects which influence subsequent 
performance. Although experimental proof is lacking, the possibility 
exists that abnormal thyroid function may prevent certain farm animals 
from attaining maximum physiologic efficiency. 

During the evolutionary development of the various species and in the 
subsequent development by man of the various types and breeds of farm 
animals, it would appear that there has been an unconscious simultaneous 
selection for thyroid activity. With the application of genetic principles 
to livestock breeding and the evaluation of genotype in physiologic terms, 
such as thyroid status, it will be interesting to determine whether such 
general functions as reproduction, growth rate, milk, meat and egg pro- 
duction and efficiency of feed utilization can be improved. 
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CANCER OF THE THYROID 


GEORGE CRILE, JR., M.D. 
From the Cleveland Clinic and the Frank E. Bunts Educational Institute, Cleveland, Ohio 


I. THE PROBLEM OF CANCER OF THE THYROID 


a) What is a cancer of the thyroid? 


HEN one thinks of cancer one thinks of a highly malignant tumor 

that ordinarily kills the patient within five years. Cancer of the 
thyroid, however, does not always conform to the pattern of carcinomas 
elsewhere and may run. an extraordinarily benign course over a period of 
twenty or thirty years without causing serious symptoms. Moreover, the 
high incidence of benign tumors of the thyroid, their close resemblance 
grossly and histologically to low grade malignant tumors, and the difficulty 
experienced by surgeons and pathologists alike in distinguishing adenomas 
from carcinomas, has resulted in confusion as to what constitutes a cancer 
of the thyroid. 

As a result of the difficulty in distinguishing benign from malignant 
tumors and because the course of many malignant tumors is so benign 
and prolonged, such terms as lateral aberrant thyroid and benign metas- 
tasizing goiter have crept into the literature to describe the low grade 
carcinomas which are so small or so benign in appearance that the primary 
tumor is not recognized. Nevertheless these tumors are metastasizing 
carcinomas, and because they may cause death if not properly treated 
they deserve serious consideration. 

We are not concerned, in this discussion, with atypical adenomas or 
hyperplastic adenomas which show no tendency to invade blood vessels 
or surrounding tissues, and which fulfill all the clinical and pathologic 
criteria of benign tumors. These tumors may recur locally if not com- 
pletely removed and ultimately, like other benign tumors, it is possible 
for them to become malignant. For the purposes of this discussion, only 
tumors that show invasion of blood vessels or the usual manifestations 
of malignancy are considered to be cancer. 


b) What is the relative importance of cancer of the thyroid? 


Although surgeons and pathologists are reporting an increasing inci- 
dence of cancer of the thyroid (1, 2) the death rate from this disease, as 
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reported in vital statistics, remains low. Only 0.4 per cent of all deaths 
from cancer are caused by cancer of the thyroid and only 1 patient dies 
of cancer of the thyroid for every 37 that die of cancer of the breast (8). 


c) How frequently do benign nodular goiters become malignant? 


Even though cancer of the thyroid is not a common cause of death, 
and even though many carcinomas of the thyroid are of such a low degree 
of malignancy that they might exist for years or even for a lifetime without 
causing trouble, some of them are capable of proving fatal and therefore 
it is desirable to prevent the development of such tumors. Accordingly, if 
benign adenomas of the thyroid frequently became malignant it would 
be desirable to remove all nodular goiters. Unfortunately, it is difficult 
either to prove or disprove that carcinomas arise frequently in adenomata. 

Twenty-five years ago when Allen Graham said that 90 per cent of the 
carcinomas of the thyroid originated in adenomas, the data on which he 
based these figures were derived from gross and histologic studies of the 
nonmalignant thyroid tissue rather than on the clinical history of a pre- 
existing goiter (4). There is no implication in Graham’s statement that 90 
per cent of the patients had goiters of sufficient size to be recognized 
clinically before the development of their carcinomas. 

At the present time, because endemic goiter is less common than 
formerly, the incidence of carcinomas arising in previously recognized 
benign adenomatous goiters is probably lower than when Graham de- 
scribed it. In our own experience 80 per cent of the highly malignant 
tumors arise suddenly with no history of a recognized pre-existing goiter 
and without warning. Histologic studies of the nonmalignant thyroid 
tissue would unquestionably reveal a higher incidence of benign nodular 
goiter in these cases, but the patients themselves were not often aware of 
the presence of a goiter before the cancer developed. 

If benign nodules in the thyroid frequently become malignant, the 
chances of cancer developing would be greatest in the more common 
multinodular goiters which outnumber the solitary adenomas at least 4 
to 1, and each of which has two or more nodules capable of undergoing 
malignant change. Yet all evidence indicates that cancer is most often 
found in the tumors, which, on the basis of the clinical examination, appear 
to be solitary (1). 

The multinodular endemic goiter appears to be the result of a physi- 
ologic compensatory process initiated by a goitrogen or by iodine defici- 
ency. Changes associated with degeneration and regeneration of the 
hypertrophied gland may play a part in the development of nodules, cysts, 
or adenomas. Multiple adenomas of the thyroid appear to be more physi- 
ologic than neoplastic, and their tendency to become carcinomatous is 
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slight. The slightly increased frequency of cancer of the thyroid in region: 
of endemic goiter (5) is perhaps dependent solely upon the increased bulk 
of thyroid tissue rather than upon any special tendency for this tissue to 
undergo malignant change. 

The true solitary tumor of the thyroid is apt to occur in an otherwise 
normal gland, it is probably not caused by the same factors which produce 
endemic goiter, it appears to be a true neoplasm, and it may be either 
benign or malignant. Since the incidence of malignancy in these true tumors 
of the thyroid is very high it is important to remove all of them, even ii 
in so doing a certain number of innocent involutionary nodules must be 
removed. 

Although it is impossible to prove or disprove that carcinomas com- 
monly arise in adenomas there is reason to believe that most of the solitary 
nodules which are recognized eventually as carcinomas, are low grade 
carcinomas from the beginning. Certainly it is rare today that one can 
find in the substance of a carcinoma of the thyroid any trace of a benign 
adenoma in which the malignancy might have originated, nor does one 
often find in benign adenomas localized areas of frank cancer. Usually the 
entire tumor is either benign or malignant. 


d) How can the high incidence of cancer of the thyroid reported by surgeons 


be reconciled with the low incidence reported in vital statistics? 


The incidence of malignancy, as observed by the surgeon, is high be- 
cause he is dealing with the selected group of nontoxic nodular goiters 
that are subjected to thyroidectomy. 

The patients who come to the surgeon have been carefully screened, 
first by the patient himself, who does not often consult a doctor unless 
the nodule is giving evidence of growth or functional activity; second by 
the family physician or internist, who detects the obvious benign quality 
of soft, poorly-defined involutionary nodules in the thyroid and hesitates 
to advise surgery; and finally by the surgeon, who recognizes the innocu- 
ousness of small soft multinodular goiters, reassures the patient, and 
discourages operation. Therefore, the fact that the surgical pathologist 
finds 8 per cent of nontoxic nodular goiters ma!ignant merely means that 
this proportion of suspicious adenomas was proved to be cancerous. In 
the millions of nontoxic, symptomless, and innocuous goiters which are 
not removed, the incidence of carcinoma is so low that vital statistics 
rate the thyroid sixteenth in the list of organs affected by malignant 
disease (6). 

Another cause for the discrepancy between the surgeon’s and the 
internist’s statistics is the confusion as to what constitutes a carcinoma 
of the thyroid. For example, some small carcinomas of the thyroid may 
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exist for many years without enlarging or causing serious symptoms (7). 
Such tumors may escape detection because the thyroid is not examined 
routinely in all autopsies. This may explain the difference between the 
incidence of carcinoma of the thyroid, as reported by the surgical patholo- 
gist, and that observed by the pathologist who confines his work to post- 
mortem examinations and who does not examine the thyroid unless there 
are special indications. 

A third cause of variation between the surgeon’s statistics and those 
of the internist is the method of presenting facts. An erroneous impres- 
sion as to the frequency of carcinoma of the thyroid in solitary nodules 
may be conveyed by inclusion in the statistics of all frank carcinomas of 
the thyroid even when the clinical diagnosis is clear and when widespread 
metastasis is present. This is as misleading as it would be to include all 
ulcerating carcinomas, regardless of size, infiltration, or metastasis, in a 
survey of the malignant potentialities of apparently benign gastric ulcers, 
and to exclude from this survey all gastric ulcers which healed under 
medical treatment and were not resected. The clinical carcinomas have 
been added to the total, and the obvious benign lesions that were not 
operated upon have been subtracted from the total, with the result that 
the figures, although accurate, create a false impression. 

We have shown (8) that, based on our own experience, we could calculate 
the incidence of cancer of the thyroid in solitary nodules as 24.5 per cent, 
or we could make the statement that it is necessary to remove 6,675 solitary 
and apparently benign adenomas of the thyroid to prevent one patient 
from dying of cancer of the thyroid. These calculations prove nothing 
except the futility of this type of statistical survey. Until a basic statistical 
research is carried out in which a large population group is studied for a 
lifetime and in which no patient is subjected to thyroidectomy, and all 
of the thyroids are examined by serial section at autopsy, we shall have 
no accurate knowledge of the incidence and significance of cancer of the 
thyroid or of its relationship to benign types of goiter. 


II. THE DIAGNOSIS OF CANCER OF THE THYROID 


a) The importance of correct diagnosis 


In a recent report of 56 patients with cancer of the thyroid the diagnosis 
of cancer was made before operation in only 14 per cent of the cases, and 
in 69 per cent of the cases ‘cancer was not recognized at operation but only 
on histologic examination of the excised tissue (9). Thus in over two thirds 
of this group the diagnosis did not appear to be even suspected prior to 
the pathologist’s examination. 

It is possible that the low incidence of preoperative recognition of cancer 
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of the thyroid that has been reported in the literature (1, 9) is due to lack 
of interest in attempting to differentiate benign from malignant tumors. 
If the surgeon believes that all nodules in the thyroid should be removed 
and if he assumes that the purpose of the operation is to prevent the 
development of cancer rather than to cure an existing cancer he is not 
particularly interested in the diagnosis because it does not alter his treat- 
ment. This philosophy would be sound if the surgeon treated all such 
nodules by total lobectomy so that if the nodule proved to be a cancer 
it would be completely removed; but the surgeon often considers his 
operation to be a prophylactic one designed to prevent the ultimate de- 
velopment of malignancy and hence he takes no pains to remove the lobe 
completely. If performance of total lobectomy or total thyroidectomy is 
not the routine practice of the surgeon, it is essential that the diagnosis be 
established correctly before operation so that cancers of the thyroid will 
be treated adequately. 

Our own experience with cancer of the thyroid indicates that if a high 
index of suspicion is maintained, the diagnosis can be established before 
operation in about 90 per cent of the cases (8). When the index of sus- 
picion is raised to such heights there will be some benign tumors which 
are diagnosed as carcinoma, but to err on this side is safer from the stand- 
point of recognizing and curing cancer than it is to fail to recognize and 
fail to perform an adequate operation for existing cancers. 


b) Factors aiding the recognition of cancer 


1. Type of goiter. Although cancers of the thyroid may be multicentric 
and have foci in both lobes, although patients with multinodular goiters 
may develop cancer, and although undifferentiated cancers and sarcomas 
may diffusely infiltrate the entire thyroid, the great majority of carcinomas 
of the thyroid involve only a single lobe and present themselves as a firm 
solitary tumor in a gland that is otherwise normal to palpation. Since the 
undifferentiated carcinomas and sarcomas which involve both lobes are 
easily diagnosed and almost invariably are incurable regardless of how 
early they are operated upon, since the type of carcinoma which oc- 
casionally arises in an old multinodular goiter is apt to be highly malignant 
and incurable, and since the tumors which involve a single lobe are apt 
to be the ones most amenable to cure if adequately treated, it is this last 
group of cases in which early diagnosis and treatment are most important. 

2. Enlargement of tumor. Cancers of the thyroid may remain stationary 
in size over a period of many years; and often, although its metastases 
may grow actively, the primary tumor may never become large enough 
to be palpable. The low grade papillary carcinomas which now constitute 
60 per cent of all carcinomas of the thyroid rarely enlarge rapidly. Over 
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50 per cent of the patients with this type of cancer note no enlargement of 
the tumor in a period of over four years’ observation prior to operation. 
The highly malignant tumors, on the other hand, almost always enlarge 
with startling rapidity and usually cause intolerable symptoms within 
weeks or months of the time of onset (Table 3). 

3. Consistency of the tumor. All papillary carcinomas of the thyroid that 
the author has encountered have been hard. Their metastases may feel 
soft and may be cystic, but the primary tumor is hard. If the tumor is 
deeply placed in the posterior aspect of the lobe, the overlying thyroid 
intervening between the tumor and the examining hand may give the im- 
pression of softness, just as a deep seated cancer of the breast may feel 
soft. But if the lobe is grasped between thumb and finger or if it is palpated 
deeply and firmly the sense of firmness of the tumor will be obvious. 

Rapidly growing nonpapillary cancers of the thyroid feel tense and 
rubbery and some may even give the impression of being tensely cystic. 
The enlarging tumor is confined by its capsule or by the capsule of the 
thyroid and although the tumor tissue itself may be friable and almost 
fluid in consistency, the mass feels tense or firm when palpated. 

The nonpapillary tumors of low malignancy are most difficult to dif- 
ferentiate from benign adenomas. Since they often do not grow rapidly 
and since the only gross or microscopic difference between such tumors 
and benign adenomas may be the microscopic demonstration of invasion 
of blood vessels by tumor tissue it is usually impossible to differentiate 
these low grade cancers from benign tumors (4). But since this type of 
tumor constitutes less than 10 per cent of all malignant tumors of the 
thyroid, since these tumors almost invariably feel firm or tense within 
their capsule and are solitary and discrete, and since all firm, discrete, 
solitary adenomas should be removed as if they were cancers, it is not 
essential to establish a definite diagnosis prior to operation if a total lobec- 
tomy is to be performed. It is in the differentiation of this type of tumor, 
however, that diagnostic errors are most common. 

4. Size of the tumor. The size of the tumor has nothing to do with its 
malignancy. In my last 4 cases of papillary carcinomas of the thyroid with 
cervical metastases, the primary tumor was so small that it could not be 
palpated prior to operation. Papillary carcinomas which have metastasized 
extensively to the cervical lymph nodes may be no more than 3 mm. in 
diameter and much larger primary tumors located deep in the thyroid may 
escape detection. It is the consistency of the nodule, the age of the patient 
and the solitary nature of the nedule rather than its size or its tendency 
to enlarge that should arouse suspicion of cancer. 

5. Age of the patient. Papillary carcinoma of the thyroid, which consti- 
tutes 60 per cent of all thyroid cancers, is a disease of childhood and 
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young adult life. The average age of patients with papillary cancer of the 
thyroid is only 29 years. 

Involutionary nodules are rare in the thyroids of young adults and 
almost nonexistent in children. True benign adenomas in an otherwise 
normal thyroid may occur in children and young adults, but the nodules 
associated with endemic goiter do not usually occur until later in life. A 
discrete tumor of the thyroid in a young adult or a child is much more 
apt to be cancer than a similar nodule in a woman of 50. In older people, 
what appear to be solitary nodules are more often only the largest in- 
volutionary nodule in a multinodular goiter. In children discrete nodules 
are almost always cancers or true benign tumors because sufficient time 
has not elapsed for the thyroid to develop involutionary nodules. 


III. CLASSIFICATION AND NATURAL HISTORY OF CANCER OF THE THYROID 


a) Clinical aspects. 
From the clinical point of view carcinomas of the thyroid can be divided 
into two main groups, the papillary and the nonpapillary (10) (Table 1). 


TABLE 1. CLASSIFICATION OF 64 CONSECUTIVE MALIGNANT 
TUMORS OF THE THYROID, 1936 THROUGH 1945 








Type No. of cases 





Carcinoma 
1. Papillary carcinoma 34 
2. Nonpapillary carcinoma 22 

a. Angio-invasive adenoma 
b. Adenocarcinoma 
c. Undifferentiated carcinoma 
3. Special types 
a. Nonencapsulated sclerosing tumor 
b. Squamous cell carcinoma 
c. Metastatic carcinoma 

Sarcoma 
1. Lymphoma 
2. Spindle cell sarcoma 











Papillary carcinomas generally behave as lymphangio-invasive tumors 
and metastasize to lymph nodes, whereas nonpapillary carcinomas are 
hemangio-invasive and metastasize chiefly through the blood stream. The 
great differences in the clinical behavior and prognosis of these two groups 
of tumors can be explained by their respective tendencies to invade 


lymphatics and blood vessels. 
Papillary tumors in general are of an extremely low order of malignancy. 
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Nonpapillary tumors vary in malignancy from the low grade angio-invasive 
adenoma up to the highly malignant undifferentiated carcinoma. The 
adenocarcinoma is intermediate between these extremes. 

Papillary tumors of the thyroid occur most commonly in children and 
young adults whereas the nonpapillary variety follows the usual age dis- 
tribution of cancer. 

Papillary tumors of the thyroid are not ‘“enucleable” from the surround- 
ing thyroid tissue. They tend to invade the normal thyroid and cannot 
be “shelled out” like an adenoma. Nonpapillary tumors of low malignancy 


TABLE 2. COMPARISON OF CHARACTERISTICS OF PAPILLARY 
AND NONPAPILLARY CARCINOMAS 








Papillary carcinoma Nonpapillary carcinoma 





Origin ? Congenital rest ? In an adenoma 


Relationship to Probably none Questionable. 
endemic goiter : 


Incidence Children and young adults Adults and aged 


Encapsulation Absent or poor Enucleable until capsule is in- 
vaded by tumor 


Behavior Lymphangio-invasive: metasta- | Hemangio-invasive: metastasis 
sis to lymph nodes through blood stream 


Prognosis Good, if locally removable Fair to poor, depending on de- 
gree of anaplasia 











may be well encapsulated and show little tendency to invade the thyroid. 
It is perhaps because of the paucity of lymphatics within the capsule of 
the nonpapillary tumors that they tend to metastasize through the blood 
stream rather than through the lymphatics. Metastasis to the regional 
nodes from a nonpapillary carcinoma of the thyroid usually occurs only 
after the thyroid and surrounding structures have been extensively infil- 
trated by tumor and is almost always a sign of incurability. 

The contrasting features of the papillary and nonpapillary tumors 
are summarized in Table 2. 


b) Pathologic aspects 

Papillary carcinoma. Papillary carcinomas are defined as epithelial neo- 
plasms, formed by cuboidal or columnar epithelium, partly or wholly in 
papillary arrangement. The capsule is either absent or is invaded by the 
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tumor so that the tumor is not enucleable. Papillary carcinomas usually 
are unilateral but occasionally foci are apparent in the contralateral lobe. 
Encapsulated papillary tumors with an intact capsule and without evi- 
dence of blood vessel invasion are regarded as benign. Neoplasms which 
are partly papillary but which are in part undifferentiated are classified 
in the more malignant group. 

Variants of papillary carcinoma. Among the papillary carcinomas there 
are several variants including the cystic or adenocarcinoma (micro-follicu- 
lar) variant, the medullary variant and the tall-cell variant. In the first 
two of these variants the tumor may be predominantly adenocarcinoma 
or medullary with only occasional scattered foci of papillarity. Sometimes 
the papillary areas are formed mainly in the metastatic nodules and not 
in the primary tumor. The gross appearance of the tumor, its history 
(growth over a long period of time), and the youth of the patient must be 
considered along with the histologic appearance of the tumor in dif- 
ferentiating it from the more malignant nonpapillary adenocarcinomas or 
undifferentiated carcinomas. The uniformity and degree of differentiation 
of the nuclei and the finding of occasional papillary areas confirm the 
diagnosis. 

Nonpapillary carcinoma. In the nonpapillary carcinomas are included 
all carcinomas of the thyroid except the papillary carcinomas and the 
rare special types. Nonpapillary carcinomas are subdivided, according to 
their malignancy, into three groups, the angio-invasive adenomas, adeno- 
carcinomas, and undifferentiated carcinomas (Table 1). 

Twenty-two carcinomas of the nonpapillary group were encountered 
from 1936 through 1945. These include 3 angio-invasive adenomas, 8 
adenocarcinomas, and 11 undifferentiated carcinomas. Encapsulation was 
noted in the angio-invasive adenomas and partial encapsulation in the 
adenocarcinomas. The majority of the undifferentiated carcinomas were 
diagnosed by biopsy; in the few in which the whole specimen was available 
no encapsulation was observed. Blood vessel invasion was a common 
feature of the nonpapillary group. Two of the adenocarcinomas were oxy- 
philic or so-called Hiirthle-cell carcinomas. 

Special types. In addition, there are three special types of carcinoma 
of the thyroid, which are rare and are not included in the two main groups 
of papillary and nonpapillary tumors. This special group includes the 
consistently fatal squamous cell and metastatic carcinomas, and a third 
unusual lesion, described as nonencapsulated sclerosing tumor. This last 
type is classified by Graham as adenocarcinoma not originating in adenoma 
and by Goetsch as carcinoma of the hyperplastic thyroid. These tumors 
are small, rarely exceeding 2 cm. in diameter, and are usually incidental 
findings in the course of a thyroidectomy done for other causes. They are 
of questionable malignancy, hence are designated as nonencapsulated 
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sclerosing tumors rather than as carcinomas. It is possible they should 
not be included among the malignant tumors of the thyroid gland. They 
may be congenital rests, since they are found quite regularly, if searched 
for, in about 1 thyroid in 400 examined. They may be precursors of the 
papillary carcinoma of the thyroid. 


c) Prognosis in cancer of the thyroid 


In our own experience with 50 consecutive cases of cancer of the thyroid 
the curability is correlated closely with the degree of anaplasia and malig- 
nancy of the tumor (Table 3). When last traced, all 9 patients with un- 


TABLE 3. COMPARISON OF HISTORIES OF PATIENTS SUCCESSFULLY TREATED 
WITH THOSE IN WHICH TREATMENT FAILED* 








Treatment 
failed 


Successfully 
treated 





15 patients 
dead of car- 
cinoma or 
living with 
recurrence 


30 patients with 
no recurrence 
or metastasis 





Average duration follow-up 4.6 years 1 year 


History of recognized goiter for many years 1 patient? (?) 3 patients 
preceding development of rapidly enlarging 


cancer 


History of progressive enlargement of tumor 


Carcinoma probably present over one year 
preoperatively (history) 


Probable duration of carcinoma before opera- 
tion (history) 


14 patients 


22 patients 


58 months 
(average) 


All patients 


1 patient 


5 months 
(average) 


Histology 
Papillary carcinoma 26 
Angio-invasive adenoma 
Adenocarcinoma 
Sarcoma it 
Undifferentiated carcinoma 





* Three patients with papillary carcinoma whose first operation was done elsewhere 
and 2 patients with carcinoma metastatic to thyroid were excluded from this table. 

+ History covers twenty years; solitary tumor, all of which was carcinoma, with re- 
cent slight enlargement; probably low grade carcinoma from the beginning. 

t Followed only three months since operation. 
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differentiated carcinoma had died or had inoperable recurrences. Likewise 
all but 1 of the 5 patients with sarcomas of the thyroid were dead or had 
recurrences, and the 1 patient who was well three months after operation 
was not followed longer. 

In contrast to this discouraging record, 25 of the 29 patients with papil- 
lary carcinomas of the thyroid and the 1 patient with an angio-invasive 
adenoma are alive and apparently free of recurrence from eight months 
to fourteen years after operation. One of the remaining patients died of 
unrelated causes and without recurrence two years after operation. The 
only 3 patients who have died of papillary carcinoma had had their original 
cancers removed incompletely four years, nine years, and thirteen years 
respectively before they first consulted us with massive unremovable re- 
currences. Thus all of the papillary carcinomas and angio-invasive adeno- 
mas which had not been operated upon previously have been controlled 
by operation regardless of the extent of the cervical metastases and without 
resort to irradiation therapy. All of the followed patients with sarcomas 
and undifferentiated carcinomas, on the other hand, are either dead or are 
living with inoperable recurrences despite surgical attempts to remove the 
tumors and despite administration of roentgen therapy after operation. 

Two of the small group of 4 patients with adenocarcinomas (the malig- 
nancy of which is midway between the two previous groups), are living 
without recurrence and 2 have died of the disease. 

In our experience, provided the tumors of low malignancy are treated 
by an adequate operation, the prognosis in cancer of the thyroid is closely 
related to the grade of malignancy. 


IV. PROPHYLAXIS OF CARCINOMA OF THE THYROID 


a) Would routine removal of all goiters materially reduce the incidence of 
carcinoma of the thyroid? 


In order to study this problem the author has analyzed his experience 
with 50 consecutive cases of carcinoma of the thyroid and divided the 
patients into two groups: i) those who appear to be cured, and ii) those 
who died of carcinoma or are living with recurrence (Table 3). In these 
cases, disregard of an apparently benign goiter was rarely a factor in 
causing death from cancer of the thyroid. Only 3 of the 15 patients with 
incurable cancer had noticed the presence of a goiter prior to the sudden 
appearance and rapid growth of the malignant tumor. The incidence of 
known pre-existing nodular goiter in this series is thus only 20 per cent, as 
compared with the 4 to 10 per cent normal expectancy of clinically de- 
tectable nodular goiter in patients of this age-group in the Great Lakes 
area (8). Since 4 of the 15 patients with incurable cancer had noticed a 
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goiter many years before, had disregarded an enlarging tumor of the 
thyroid for more than six months, or had neglected both a pre-existent 
goiter, and its recent enlargement, it is possible that in these 4 cases earlier 
operation either might have prevented the development of cancer or have 
cured it in its early stages. But even assuming that subtotal thyroidectomy 
gives 100 per cent protection against the subsequent development of can- 
cer, (which it does not (11)) and assuming that all of the patients with 
highly malignant tumors could have been cured had they been operated 
upon a few days or weeks after the onset of symptoms (which, in our 
experience, they could not), prophylactic or early thyroidectomy for 
nodular goiter would at the most have prevented only about one quarter 
of the deaths from cancer of the thyroid. Moreover, since approximately 
4 per cent of all people and a much higher percentage of the older people 
in the Great Lakes area have palpable nodules in their thyroids (8), it 
would be necessary to remove millions of small nontoxic nodular goiters 
in order to effect a highly theoretica! 27 per cent reduction in the incidence 
of incurable cancer of the thyroid. Since death from cancer of the thyroid 
is so rare, prophylactic surgery performed on such a scale would be not 
only economically unsound but could well cause more postoperative deaths 
than would have occurred from cancer if the goiters had not been removed. 
Routine prophylactic removal of all nontoxic multinodular goiters does 
not therefore appear to be the sole answer to the problem of carcinoma of 
the thyroid. 


b) Would earlier operation on suspicious tumors reduce the mortality from 
cancer of the thyroid? 


The question that next arises is, ‘‘Would the rate of cure have been 
higher if thyroidectomy had been performed as soon as the malignant 
tumor was observed?” In order to answer this question the histories of the 
patients with incurable cancers have been analyzed (Table 3). 

Excluding 1 patient who had noted progressive enlargement of a goiter 
for thirty-six months, the average duration of the enlarging tumor prior 
to operation was only three months in the incurable cases. Only 2 patients 
had noted symptoms longer than six months and fewer than half had been 
aware of a tumor of the thyroid for more than three months. It is thus 
doubtful if earlier operation would have effected any significant increase 
in the curability. 

There was a striking contrast between the fatal prognosis of undif- 
ferentiated tumors, regardless of how early they were removed, and the 
excellent outlook for patients with low grade malignancy even when 
operation was delayed for many years. Most of the patients with papillary 
carcinomas have been followed more than five years and many over ten 
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years since operation and all are free of recurrence.! But this group of 
patients gave histories of having had thyroid tumors, or more often lateral 
cervical metastases, for an average of five years prior to operation. In 
almost all of the cases it was clear that the nodule the patient identified 
as having been present for so long was the same nodule later found to be 
malignant. 

In 2 surviving patients with moderately malignant adenocarcinomas, 
there were delays after appearance of the tumor of two years and twenty 
years respectively before operation, which was followed by apparent cures; 
whereas, 2 other patients who died of this type of carcinoma were treated 
within two months of the onset of symptoms. These observations again 
emphasize that, within wide limits, the type of cancer and the type of 
operation performed for its removal have a greater bearing upon the 
prognosis of carcinoma of the thyroid than does the time at which the 
operation is performed. By this, we do not imply that it is safe to defer 
operation for suspected malignancies, but rather point out that in low 
grade carcinomas delay is not always disastrous, nor is promptness in 
removal of highly malignant tumors always rewarded by cure. Undoubt- 
edly there is a point in either type of cancer beyond which delay might 
be fatal or before which cure might be obtained, but review of the cases 
in this series does not indicate that the time factor is as important as one 
might expect. 

In Table 3 the histories of the patients who have survived without re- 
currence are compared with those of the patients who have died or have 


incurable recurrences (12). 
V. TREATMENT OF CANCER OF THE THYROID 


a) Is block dissection of the neck justified in the treatment of papillary cancer 
of the thyroid? 

There are two types of surgery for cancer: i) operations in which the 
primary tumor and its zone of lymphatic drainage are in continuity and 
are removed in a block, as in carcinoma of the breast, and ii) operations in 
which the primary tumor and its zone of lymphatic drainage are not in 
continuity, as in carcinoma of the lip, in which case the primary tumor is 
first removed, and later, if metastases develop, the regional lymph nodes 
are excised. 

Papillary carcinoma of the thyroid is analagous to carcinoma of the 
lip in that it is not possible to remove in continuity the primary tumor, 
the lymphatics through which it spreads, and the nodes which drain it. 
Consequently one is justified in first removing the primary tumor, and 





1 Except the 3 patients whom we first saw with massive recurrence after previous 
incomplete operations. 
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then the metastatic nodules if they become palpable. Performing a radical 
block dissection of the neck with removal of the sternomastoid muscle 
for a papillary carcinoma is much like resecting the mandible, the lower 
part of the face, the floor of the mouth, and the nodes of the neck for an 
early carcinoma of the lip. Unquestionably the radical operation would 
cure the cancer, but so would local excision. 

If papillary carcinoma of the thyroid occurred in old men, the cosmetic 
aspects of the operation would not be important; but 4 out of 5 of these 
tumors occur in women whose average age is only 30. Many of these 
girls are unmarried and would be unwilling to accept the deformity as- 
sociated with the conventional block dissection followed by intensive 
roentgen therapy if they were aware that reported results of conservative 
operations on the lateral cervical metastases were as good or better than 
reported results of block dissections and roentgen therapy (7, 13, 14, 15). 

In papillary carcinoma of the thyroid, emphasis should be placed on the 
treatment of the thyroid tumor rather than its metastases. The lateral 
cervical nodules can be dealt with if they appear. The important part of 
the operation is the thyroidectomy. If the primary tumor is not removed 
completely it will recur locally and ultimately may invade vital structures, 
and continue to metastasize to the neck, mediastinum or axilla, or even to 
the lungs. 

Since the conventional “prophylactic” thyroidectomy removes only 
the anterior portion of the lobe and since the posterior aspect of the lobe 
is a favorite site of papillary carcinoma it is not surprising that following 
such operations there are a number of local recurrences of incompletely 
removed papillary carcinomas. 

It is possible that block dissection of the neck would be advantageous 
in selected cases of recurrent carcinoma scattered through the neck by 
implantations at the time of inadequate primary operations. Although 
this type of operation may be valuable in the treatment of recurrent cancer 
it is not necessarily the proper treatment for the primary manifestations 
of the disease. 


b) Should local recurrences and regional metastasis of papillary cancer of 
the thyroid be treated surgically? 


Since papillary cancer of the thyroid is a tumor of such a low degree 
of malignancy the prognosis may be excellent even if extensive cervical 
and upper mediastinal metastasis is present. Local recurrences in the 
thyroid area also may be amenable to removal or to treatment by partial 
removal with implantation of radon seeds or needles into the remaining 
tumor. Patients who have had more than 40 separate nodes involved by 
carcinoma have remained well and without demonstrable recurrence for 
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over ten years following removal of the primary tumor and the involved 
nodes (7). 


c) Do papillary tumors respond favorably to roentgen therapy? 


We have not employed roentgen therapy in operable cases, but in other 
cases in which the tumors recurred after operations performed elsewhere, 
we have seen no significant regressions after roentgen therapy given in as 
large doses as could be tolerated. In general the papillary tumors are 
highly resistant to irradiation, and their supposed sensitivity is based 
on the fact that roentgen treatment has been credited with retarding 
the growth of tumors which were not growing rapidly to begin with. 
When untreated tumors may require twenty-seven years to grow large 
enough to cause a visible lump in the neck (7), it is difficult to estimate 
what effects irradiation has had on their speed of growth. 


d) Does I'*' have a place in the treatment of papillary carcinoma of the thyroid? 


All patients suspected of having carcinoma of the thyroid should be 
given a tracer dose of 0.5 me. of I'*! before operation. Following operation 
radioautographs are made of the tumors to determine whether or not 
they take up I. Two of 9 papillary carcinomas have taken up significant 
amounts, but since in this group of cases we always have been able to 
eradicate the tumors and their metastases surgically, there has been no 
indication for treatment with I"*!, 

One patient, who had had a biopsy performed by another surgeon, had 
a palpable tumor of the thyroid, snowflake metastases in the lungs, and 
a large metastatic node in the lateral cervical region. Both the tumor 
and its metastases took up I*! well and in response to 415 me. given in 
eight doses over a period of nearly two years, the patient became myxe- 
dematous; there was no longer any uptake of I'* and the local recurrence 
and cervical metastasis disappeared. The roentgenographic appearance of 
the pulmonary metastases did not change, but since there was no longer 
any uptake of I'*! in the lungs, the shadows may have been due largely 
to fibrosis around the tumor. The patient is taking desiccated thyroid, is 
working and entirely well seven years after his first operation and two 
years after treatment with I'*. 


e) Treatment of nonpapillary carcinoma of the thyroid 


Since metastasis of nonpapillary carcinomas to the cervical lymph 
nodes usually is associated with extensive hematogenous metastasis, it is 
rarely worth while to perform extensive dissections of the neck. Again the 
important factor is the complete removal of the thyroid tumor by total 
lobectomy on the affected side. 

If nonpapillary tumors show gross evidence of invasion of veins it is 
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sometimes advisable to resect the interior jugular vein and its thyroid 
tributaries and the thyroid ima vein in a block with the thyroids. More 
often than not, such operations are merely palliative because hematogenous 
metastases already are present. 

Nonpapillary carcinomas of low malignancy, such as the angio-invasive 
adenoma, have little or no tendency to metastasize to the cervical nodes 
and require nothing more than a complete lobectomy. 

The vast majority of the highly malignant undifferentiated carcinomas 
are inoperable or cannot be removed completely. The use of radon seeds 
has not appeared to be of much value and roentgen therapy has been 
equally disappointing. 

I'*! should be tried in the treatment of the more differentiated types of 
nonpapillary carcinoma, but it has not been of value in the undifferen- 
tiated tumors. If the tumor takes up I'*! or can be made to do so after the 
normal gland is removed or destroyed with I'*! (16), results such as those 
reported by Seidlin et al. may be obtained (17). 

Unfortunately, only about 1 in 10 cancers of the thyroid takes up 
significant amounts of I"*!, and these are the low grade tumors which usu- 
ally are amenable to surgical cure and do not require any other means of 


therapy. 


f) Treatment of special types of thyroid cancer 


Squamous-cell cancer of the thyroid usually is inoperable and the 
prognosis hopeless when the patient is first seen. X-ray therapy has not 
proved to be of great value. 

Metastatic carcinoma of the thyroid often originates in the kidney. 
Hypernephromas may give rise to solitary metastases, and if the thyroid 
tumor is the only demonstrable metastasis it is worth while to remove 
both the primary tumor and the thyroid. In 1 such case the patient is 
alive and well nearly two years after operation. 

Nonencapsulated sclerosing tumors can hardly be considered cancers, 
and when found incidentally in a thyroid removed for other causes can 
be disregarded. We have seen no recurrences in 25 patients treated in 
this manner and given no other therapy (18). 

Sarcoma of the thyroid usually is incurable and inoperable. Lympho- 
sarcoma may respond temporarily to roentgen therapy. 


Importance of correct diagnosis and complete removal of tumor 


In our experience patients with highly malignant tumors of the thyroid 
have not been cured by thyroidectomy or by radical dissections of the 
neck. These tumors did not take up I and could not be controlled by 
roentgen therapy. The majority were inoperable or at least incurable when 
first seen by a physician, regardless of the shortness of the duration of 
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symptoms. Eighty per cent of these tumors occurred in patients who had 
no knowledge of a pre-existing goiter. For these reasons it is apparent that 
the conventional prophylactic and therapeutic measures cannot be ex- 
pected to influence materially the death rates from the highly malignant 
tumors of the thyroid. If progress is to be made by established methods 
of treatment, it must lie in perfecting the treatment of less malignant 
tumors. 

In 43 of the 50 cases of cancer of the thyroid in this series the diagnosis 
of cancer was made prior to operation and so recorded. In 3 additional 
cases cancer was suspected, raising the accuracy of diagnosis of suspected 
carcinomas to 92 per cent. In 4 cases, all tumors of lowest malignancy, 
cancer was not suspected prior to operation but was established in the 
operating room before the specimen was examined by the pathologist. 
In all cases, therefore, an operation for cancer of the thyroid rather than 
an operation for simple goiter was done. This included a total lobectomy 
on the affected side. There have been no local recurrences in the thyroid 
area of any of the 30 tumors of low or medium malignancy upon which 
the author performed the first operation. 

Since tumors of low malignancy can and do recur locally if they are 
incompletely removed, since such recurrences may invade vital structures 
or metastasize distantly, and since secondary operations are always more 
difficult and less curative than the first one, it is important to remove 
the primary tumor completely at the initial operation. This cannot be 
done unless the surgeon plans the operation on the theory that an adenoma 
worth removing is an adenoma which must be removed as if it were a 
carcinoma. An operation for removal of a solitary nontoxic adenoma must 
be considered not as a prophylactic procedure designed to prevent the 
development of carcinoma in the adenoma, but rather as an operation to 
remove a possible cancer existing in the thyroid at that time. 

The majority of multinodular goiters contain no firm discrete tumors 
and in our experience there is little likelihood that these soft multinodular 
goiters are or will become malignant. When a nontoxic adenoma is sus- 
piciously firm and discrete it should be removed completely, regardless 
of whether it is enlarging, regardless of its duration, regardless of whether 
other nodules are palpable in the thyroid, and especially if the patient 
is young. 

All discrete tumors, benign or malignant, should be treated as malignant 
and removed completely by an anatomic dissection including extracapsular 
ligation of the inferior thyroid artery, identification of the recurrent laryn- 
geal nerve and removal of the affected lobe. If a complete lobectomy is 
performed without identification of the recurrent nerve the incidence of 
injury to this nerve will be approximately 5 per cent regardless of the 
care with which the operation is performed. In 5 per cent of the cases 
the nerve courses over the posterolateral aspect of the gland in such a 
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manner as to make it impossible to remove the lobe without injury to the 
nerve, unless it is identified. If the nerve is identified, permanent injury 
occurs in less than 0.5 per cent of the cases (19). 

Complete removal of the tumor is more important than protection of 
the nerve. When the nerve is not identified there is a strong temptation 
to leave a protective layer of thyroid tissue posteriorly so that damage to 
the nerve will be avoided. In the event that the tumor is malignant, this 
procedure results in recurrence. 

As in all operations for cancer the surgeon performing the first operation 
has the best chance of producing a cure. If the surgeon who operates first 
is not prepared to perform an operation sufficiently radical to eradicate 
the primary tumor he would do better to perform no operation at all. Our 
experience indicates that recurrence of an incompletely removed papillary 
carcinoma is more difficult to cure than is a primary carcinoma which has 
been neglected until the diagnosis of carcinoma can be made clinically. 

This does not imply that it is wise’to defer operations until a clinical 
diagnosis of cancer can be made. All discrete nodules which resemble 
true tumors should be removed as soon as they are observed; but when 
they are removed the operation must be sufficiently radical to remove 
a cancer of the thyroid and should consist of an anatomic excision of the 
affected lobe. 


SUMMARY 


1. Cancers of the thyroid do not often arise in recognized pre-existing 
multinodular goiters. 

2. Solitary tumors of the thyroid are frequently malignant. 

3. The majority of cancers of the thyroid are of a low order of malig- 
nancy, occur in young people, do not enlarge appreciably over a period 
of many years, cause no symptoms for many years, and probably do not 
originate in benign adenomas but are cancers from their beginning. 

4. Highly malignant cancers of the thyroid are easily diagnosed but are 
rarely if ever cured regardless of how early they are treated. 

5. Low grade cancers of the thyroid may be difficult to recognize but 
usually remain curable for many years provided an adequate operation 
is finally done. 

6. It is doubtful whether ‘prophylactic’ operations for removal of 
multinodular goiters are of much value in the prevention of thyroid cancer. 

7. The important issue in the case of a nodule of the thyroid is not whether 
it will become malignant but whether it is a cancer at the time of the 
examination. 

8. An adenoma which is worth removing at all should be removed by 
total lobectomy as if it were a known cancer. 

9. “Prophylactic” operations planned to remove part of a lobe so as to 
prevent: the ultimate development of cancer are apt to result in the in- 
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complete removal of existing cancer and are often followed by incurable 


recurrences. 
10. The best way to decrease the mortality from cancer of the thyroid 


is to remove discrete adenomas by total lobectomy on the affected side. 
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Letter to the Editor 


THE TREATMENT OF SEVERE BURNS WITH ACTH 


To THE EpIToR: 


ITH our armed forces engaged in active combat, the number of 

¥ severe burn cases is soaring and, to quote E. Evans, ‘‘No matter 

how lightly or conservatively one views the burn problem which will con- 

front a city and its population recovering from an atomic bomb attack, the 
one conclusion permissible is that it will be stupendous.” 

Our results in treating our first 2 severely burned patients were re- 
markable. One patient had an electrical, and the other a gasoline burn. 
The latter involved 70.7 per cent of the surface area and 50 per cent of it 
was third degree. We found that following adequate and prolonged ACTH 
administration without the use of antibiotics, blood, or plasma, the follow- 
ing phenomena were observed: Clinical evidence of shock was not noted. 
There was only moderate hyperpyrexia. There were only slight or no signs 
of toxicity. There was no weeping, and the bullae and blebs that were 
present underwent rapid absorption. There was no sign of secondary in- 
fection. Studies of the kidney indicated no azotemia or decrease in output. 
Oral food consumption was maintained at over 4,500 calories, while liquid 
intake was correspondingly high. Hemoconcentration was not present at 
any time. Pain was minimal, considering the surfaces involved. Epi- 
thelialization of the third and fourth degree burn area took place amazingly 
fast, in the former instance arising from histologically proven third degree 
areas. There was no evidence of scar tissue formation. In the patient with 
the original 70 per cent gasoline burns, within three months there was com- 
plete epithelialization and no disability. 

A preliminary report on the subject will be published in the near future. 


412 W. Roosevelt St., 


Phoenix, Arizona 
M. JAMEs WuitTELAw, M.D. 


Tuomas W. Woopman, M.D. 
August 8, 1950. 





The Association for the Study of 
Internal Secretions 


1951 ANNUAL MEETING 


Pursuant with the action of the Council and the members at the San 
Francisco session, the duration of the 1951 Annual Meeting has been in- 
creased to three days, June 7, 8 and 9. The headquarters will be at 
Chalfonte-Haddon Hall, Atlantic City, New Jersey. 


RECIPIENTS OF AWARDS FOR 1950 
THE SQUIBB AWARD 


The Squibb Award for 1950 was given to Dr. C. N. H. Long. Dr. Long 
has been a leader in the development of our understanding of the pituitary 
and adrenal glands. His leadership has been manifested by his design and 
execution of original experiments; by his mastery of the spoken and written 
exposition of endocrine physiology; and above all by his rare gift for the 
selection and inspiration of outstanding younger associates, two of whom 
have already been recognized by the Ciba Award of this Association. 

Dr. Long’s investigations have resulted in numerous important ad- 
vances. Shortly after Houssay’s demonstration of the role of the pituitary 
in diabetes, Dr. Long showed that most of this effect was due to the ad- 
renal cortex. This was followed by studies on the physiological and bio- 
chemical effects of pituitary and adrenal extracts and finally by the prep- 
aration in purified form of the growth and adrenocorticotropic hormones. 
Further studies with the purified hormones and with the adrenal steroids as 
they became available have revealed more accurately the influence of these 
glands upon protein, fat and carbohydrate metabolism. At the same time 
the relation of the adrenal cortex to the lymphoid tissues and to immunity 
was demonstrated and the current methods of assaying the adrenocorti- 
cotropic hormone were developed in his laboratory. 

Dr. Long’s contributions have been an important stimulus to our con- 
cepts of clinical diabetes, Cushing’s syndrome and many endocrine dis- 
orders. More recently they are recognized as an essential part of the 
background of the present investigations of the adrenal hormones in col- 
lagen disease. 
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Dr. Long was born in England in 1901. He received the degree of Doctor 
of Medicine from McGill University in 1928 and the degree of Doctor of 
Science from the University of Manchester in 1932. He was Assistant Pro- 
fessor of Medical Research at McGill from 1929-32. From 1932 to 1936 
he was Assistant Professor of Medicine and Director of the George S. Cox 
Medical Research Institute, University of Pennsylvania. Since 1936 he 
has been Professor of Physiological Chemistry at Yale University and 
Sterling Professor since 1938. From 1947 to the present, he has served as 
Dean of the Yale Medical School. 


THE CIBA AWARD 


The Ciba Award for 1950 was given to Dr. Oscar M. Hechter. Dr. Hechter 
has developed a new method for the introduction of oxygen into position 
11 of steroids. He found that perfusion of adrenal glands with plasma which 
contained a low concentration of an 11-desoxy steroid resulted in the 
oxygenation of the compound at carbon 11. This observation has furnished 
the first evidence for the presence of the enzymatic activity whereby cer- 
tain hormones of the adrenal cortex are formed in the animal organism. 

Dr. Hechter was born in 1914. He received the B.S. degree from the 
University of Chicago in 1938, an M.S. degree from the University of 
Southern California in 1942 and the Ph.D. degree from the same institu- 
tion in 1943. Dr. Hechter was Assistant in the Department of Metabolism 
and Endocrinology, Michael Reese Hospital, Chicago, from 1937 to 1940; 
Research Associate, Cedars of Lebanon Hospital, Los Angeles, from 1940 
to 1944; and is at present on the staff of the Worcester Foundation for 
Experimental Biology, and Research Associate in Physiology, Tufts 
Medical School, Boston. 


THE AYERST, McKENNA AND HARRISON 
FELLOWSHIP 


The Ayerst, McKenna and Harrison Fellowship for 1950 was awarded 
to Dr. Lawrence E. Shulman to permit him to pursue clinical investigations 
on the effects of ACTH and Cortisone in states of hypersensitivity, under 
the direction of Dr. John E. Howard and Dr. A. McGehee Harvey at 
Johns Hopkins Hospital, Baltimore, and to carry out experimental studies 
with these hormones on anaphylaxis in animals, under Dr. George Mirick 
at the same institution. 

Dr. Shulman took his A.B. degree at Harvard in 1941. The following 
year he did graduate work in biology at Harvard. In 1945 he was awarded 
the Ph.D. degree by the Yale Graduate School of Public Health. While 
there, he carried out investigations on thermophysiology under the John 
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B. Pierce Foundation. In 1949 he received an M.D. degree at Yale ani 
during the past year he has served as an intern in medicine at the Johns 
Hopkins Hospital. 


THE SCHERING FELLOWSHIP 


The Schering Fellowship for 1950 was awarded to Dr. D. Lawrenc 
Wilson. He received the degree of Doctor of Medicine at Queen’s Univer- 
sity, Canada, in 1944. After his internship he served for eighteen months 
as Regimental Medical Officer in the R.C.A.M.C. He then received a Medi- 
cal Research Fellowship for two years from the National Research Council 
of Canada, working during this period in the Department of Biochemistry 
of the University of Toronto. As Research Fellow, he fulfilled the require- 
ments for the degree of Master of Arts in 1948. 

Dr. Wilson will work under the direction of Dr. George Thorn in the 
field of metabolic and endocrine diseases, continuing his studies begun 
under this Fellowship in 1949. 





The American Goiter Association 


THE 1951 ANNUAL MEETING 


The next Annual Meeting of the American Goiter Association will be 
held in Columbus, Ohio, May 24, 25 and 26, 1951, at the Deshler Wallick 


Hotel. 
VAN METER PRIZE AWARD FOR 1951 


HE American Goiter Association again offers the Van Meter Prize 

Award of three hundred dollars, and two honorable mentions for the 
best essays submitted concerning original work on problems related to the 
thyroid gland. The Award will be made at the annual meeting of the 
Association which will be held in Columbus, Ohio, May 24, 25, 26, 1951, 
providing essays of sufficient merit are presented in competition. 

The competing essays may cover either clinical or research investiga- 
tions; should not exceed three thousand words in length; must be pre- 
sented in English; and a typewritten double spaced copy in duplicate sent 
to the Corresponding Secretary, Dr. George C. Shivers, 100 East Saint 
Vrain Street, Colorado Springs, Colorado, not later than March 1, 1951. 
The committee who will review the manuscripts is composed of men well 
qualified to judge the merits of the competing essays. 

A place will be reserved on the program of the annual meeting for pres- 
entation of the Prize Award Essay by the author, if it is possible for him 
to attend. The essay will be published in the annual Transactions of the 


Association. 


RECIPIENTS OF VAN METER PRIZE AWARD 
FOR 1950 


The Van Meter Prize for 1950 was awarded to Dr. J. E. Rall of the Memo- 
rial Hospital, New York, for his essay on ‘‘Iodine Compounds in the 
Blood and Urine of Man.” 

Dr. Rall was born in Naperville, Illinois, in 1920. He was graduated from 
North Central College in 1940; received the degree of M.S. from North- 
western University, and M.D. from Northwestern University Medical 
School in 1945. He was an intern at Wesley Memorial Hospital, Chicago, 
1944; a Fellow in Medicine at Mayo Clinic, 1945, 1948, and 1949 (where 
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the Prize Award work was done); and in the United States Army Medical 
Corps, 1946 and 1947. At present he is a Clinical Assistant in Medicine at 
Memorial Hospital, New York. 


FIRST HONORABLE MENTION 


First Honorable Mention was given to Dr. Aubrey Gorbman of Columbia 
University, New York, for his essay on ‘‘Functional and Structural 
Changes Consequent to High Dosages of Radioactive Iodine.”” Dr. Gorb- 
man received his A.B. and M.S. degrees from Wayne University, Detroit, 
in 1935 and 1936, and his Ph.D. from the University of California in 1940. 
He was a Research Associate in the Institute of Experimental Biology, 
University of California, in 1941 and Instructor in Zoology, Wayne Uni- 
versity, from 1941 to 1944. From 1944 to 1946 he was a Jane Coffin Childs 
Fellow in the Anatomy Department of Yale University School of Medicine. 
From 1946 to 1949 he was Assistant Professor of Zoology at Barnard 
College, Columbia University; and from 1949 to the present he has been 
Associate Professor of Zoology at that institution. He is a Research Scholar 
for 1950-1951 under the Fullbright Act and has been assigned to the 
Laboratory of Comparative Biochemistry, Collége de France, and to the 
Laboratory of Comparative Physiology, Muséum National d’Histoire 
Naturelle, Paris. 


SECOND HONORABLE MENTION 


Second Honorable Mention was given to Dr. John Schulman, Jr. of 
Philadelphia, Pa., for his essay on ‘‘Studies of the Metabolism of Thiourea. 
II. the Metabolic Fate of Thiourea in the Thyroid Gland.” Dr. Schulman 
received his B.S. degree in chemistry from Yale University in December, 
1942 and his M.D. degree from the University of Pennsylvania in March, 
1946. He was an intern at the Kings County Hospital, Brooklyn, N.Y., 
from March, 1946 to July 1947; Research Fellow in Medicine at Harvard 
Medical School and Assistant in Medicine at Peter Bent Brigham Hospital, 
Boston, from July 1947 to July 1948. While on active duty in the army, he 
was a staff member in the medical research laboratory at the Los Alamos 
Scientific Laboratory of the University of California, from August 1948 
to January 1950. He is now an Assistant Resident in Medicine at Beth 
Israel Hospital, Boston. 





